Inventory of Land Use and Land Use Practices in the United States Great Lakes Basin: Report of the International Reference Group on Great Lakes Pollution from Land Use Activities: Volume 4 Lake Huron Basin by International Reference Group on Great Lakes Pollution from Land Use Activities
University of Windsor 
Scholarship at UWindsor 
International Joint Commission (IJC) Digital 
Archive International Joint Commission 
1976-04-01 
Inventory of Land Use and Land Use Practices in the United States 
Great Lakes Basin: Report of the International Reference Group on 
Great Lakes Pollution from Land Use Activities: Volume 4 Lake 
Huron Basin 
International Reference Group on Great Lakes Pollution from Land Use Activities 
Follow this and additional works at: https://scholar.uwindsor.ca/ijcarchive 
Recommended Citation 
International Reference Group on Great Lakes Pollution from Land Use Activities (1976). Inventory of 
Land Use and Land Use Practices in the United States Great Lakes Basin: Report of the International 
Reference Group on Great Lakes Pollution from Land Use Activities: Volume 4 Lake Huron Basin. 
International Joint Commission (IJC) Digital Archive. https://scholar.uwindsor.ca/ijcarchive/74 
This Report is brought to you for free and open access by the International Joint Commission at Scholarship at 
UWindsor. It has been accepted for inclusion in International Joint Commission (IJC) Digital Archive by an 
authorized administrator of Scholarship at UWindsor. For more information, please contact 
scholarship@uwindsor.ca. 
University of Windsor
Scholarship at UWindsor
International Joint Commission (IJC) Digital Archive
1976-04-01
Inventory of Land Use and Land Use Practices in
the United States Great Lakes Basin: Report of the
International Reference Group on Great Lakes
Pollution from Land Use Activities: Volume 4 Lake
Huron Basin
International Reference Group on Great Lakes Pollution from Land Use Activities
Follow this and additional works at: http://scholar.uwindsor.ca/ijcarchive
This Report is brought to you for free and open access by Scholarship at UWindsor. It has been accepted for inclusion in International Joint
Commission (IJC) Digital Archive by an authorized administrator of Scholarship at UWindsor. For more information, please contact
scholarship@uwindsor.ca.
Recommended Citation
International Reference Group on Great Lakes Pollution from Land Use Activities (1976). Inventory of Land Use and Land Use
Practices in the United States Great Lakes Basin: Report of the International Reference Group on Great Lakes Pollution from Land
Use Activities: Volume 4 Lake Huron Basin. International Joint Commission (IJC) Digital Archive. http://scholar.uwindsor.ca/
ijcarchive/74
REFERENCE GROUP
.
P
O
L
L
U
T
I
O
N
ACTIVITIES
I
N
T
E
R
N
A
T
I
O
N
A
L
IIIIIIIIIIIIIY
III
lIIIIII
IISI
J
O
I
N
T
IIIII]
IIIIIII
IISI
PIIMIIIIIIS
MISSION
IIIIIIIMI III- lIIIII HIIIIIIII BASIN
  

     
IIH’IIIII "I “If
INIEIIIMIIINM IIHEIIEIBE lilllllll'
III EIIEM [MES Pllllllllllll
HIIIM [Mill IISE 0', \x
v
n
m
m
1
m
@
5
4
5
3
I
N
“
"
W
W
W
[
I
S
R
A
R
Y
APR“ 1976

INVENTORY OF LAND USE AND LAND USE PRACTICES
IN THE UNITED STATES GREAT LAKES BASIN with
Emphasis on Certain Trends and Projections to
1980 and Where Appropriate, to 2020
prepared by the office of the
GREAT LAKES BASIN COMMISSION
Ann Arbor, Michigan
To be used as portion of the U.S. Task B
Report on GREAT LAKES POLLUTION FROM LAND
USE ACTIVITIES BY the International Joint
Commission - prepared in partial fulfillment
of U.S. Environmental Protection Agency
Contract No. 68-01—1598
  
A
C
|
<
N
O
W
l
_
E
D
G
E
I
-
1
E
M
S
T
h
e
U
.
S
.
E
n
v
i
r
o
n
m
e
n
t
a
l
P
r
o
t
e
c
t
i
o
n
A
g
e
n
c
y
a
c
t
e
d
a
s
t
h
e
l
e
a
d
a
g
e
n
c
y
f
o
r
t
h
e
U
.
S
.
p
o
r
t
i
o
n
of
T
a
s
k
B
of
a
s
t
u
d
y
p
l
a
n
n
e
d
t
h
r
o
u
g
h
t
h
e
I
n
t
e
r
n
a
t
i
o
n
a
l
R
e
f
e
r
e
n
c
e
G
r
o
u
p
o
n
G
r
e
a
t
L
a
k
e
s
P
o
l
l
u
t
i
o
n
f
r
o
m
L
a
n
d
U
s
e
A
c
t
i
v
i
t
i
e
s
(
P
L
U
A
R
G
)
,
I
n
t
e
r
n
a
t
i
o
n
a
l
J
o
i
n
t
C
o
m
m
i
s
s
i
o
n
.
T
h
e
U
.
S
.
D
e
p
a
r
t
m
e
n
t
of
A
g
r
i
c
u
l
t
u
r
e
S
o
i
l
C
o
n
s
e
r
v
a
t
i
o
n
S
e
r
v
i
c
e
f
un
d
e
d
th
e
p
o
r
t
i
o
n
of
th
e
st
ud
y
on
m
a
t
e
r
i
a
l
s
u
s
a
g
e
a
n
d
s
o
i
l
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
.
T
h
e
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
C
o
m
m
i
s
s
i
o
n
a
c
t
e
d
a
s
m
a
i
n
c
o
n
t
r
a
c
t
o
r
fo
r
fo
ur
of
th
e
fi
ve
T
a
s
k
B
a
c
t
i
vi
t
i
e
s
,
an
d
P
ur
d
ue
U
n
i
v
e
r
s
i
t
y
ac
te
d
as
m
a
i
n
co
nt
ra
ct
or
fo
r
on
e
ac
ti
vi
ty
.
U.
S.
Me
mb
er
s
of
PL
UA
RG
's
Ta
sk
Group B included:
Mr
.
L.
Ro
be
rt
Ca
rt
er
,
In
di
an
a
Wa
te
r
Po
ll
ut
io
n
Co
nt
ro
l
Bo
ar
d
Mr
.
Ja
me
s
P.
Do
ol
ey
,
Mi
ch
ig
an
De
pa
rt
me
nt
of
Na
tu
ra
l
Re
so
ur
ce
s
Dr
.
Ri
ch
ar
d
We
is
mi
ll
er
,
Pu
rd
ue
Un
iv
er
si
ty
Mr
.
Ra
y
Di
de
ri
ks
en
,
US
DA
—S
CS
,
Wa
sh
in
gt
on
Mr
.
Ro
be
rt
Fe
ll
ow
s,
US
DA
—S
CS
,
Ea
st
La
ns
in
g
Mr
.
Jo
hn
Pu
tm
an
,
US
DA
,
Ec
on
om
ic
Re
se
ar
ch
Se
rv
ic
e
Mr
.
Fr
ed
Su
ll
iv
an
,
US
EP
A
Pr
oj
ec
t
Of
fi
ce
r,
Ch
ic
ag
o
Mr
.
Ma
nf
re
d
Ne
um
an
n,
US
EP
A,
Ch
ic
ag
o
Mr
.
Eu
ge
ne
A.
Ja
re
ck
i,
GL
BC
Te
ch
ni
ca
l
Re
pr
es
en
ta
ti
ve
Th
e
se
ct
io
ns
on
ph
ys
ic
al
fa
br
ic
,
sp
ec
ia
li
ze
d
la
nd
us
es
,
ma
te
ri
al
s
us
ag
e,
an
d
tr
en
ds
in
al
l
si
x
vo
lu
me
s
of
th
is
st
ud
y
(a
su
mm
ar
y
an
d
fi
ve
La
ke
ba
si
n
vo
lu
me
s)
we
re
pr
ep
ar
ed
by
Su
za
nn
e
Br
al
ey
,
Lo
ui
s
Me
ye
r,
an
d
Ro
be
rt
Re
ed
,
of
th
e
Gr
ea
t
La
ke
s
Ba
si
n
Co
mm
is
si
on
st
af
f,
An
n
Ar
bo
r,
Mi
ch
ig
an
,
wi
th
ge
ne
ra
l
coordination by Eugene Jarecki.
Sp
ec
if
ic
po
rt
io
ns
of
th
e
Ta
sk
B
ef
fo
rt
we
re
co
nt
ra
ct
ed
to
th
e
fo
ll
ow
in
g:
(1
)
So
il
s-
—A
la
n
Ir
vi
ne
,
Ja
ck
so
n,
Mi
ch
ig
an
(f
un
de
d
by
ES
DA
—S
CS
)
(2
)
Ma
te
ri
al
s
Us
ag
e—
—J
oh
n
Do
ne
th
,
Mi
ch
ig
an
St
at
e
Un
iv
er
si
ty
,
Ea
st
Lansing, Michigan (funded by USDA-SOS)
(3
)
Re
vi
se
d
OB
ER
S
Se
ri
es
E
Ec
on
om
ic
an
d
De
mo
gr
ap
hi
c
Pr
oj
ec
ti
on
s-
—W
al
do
n
Mi
ll
er
an
d
Jo
hn
Pu
tm
an
,
Ec
on
om
ic
Re
se
ar
ch
Se
rv
ic
e
US
DA
,
Ea
st
La
ns
in
g,
Mi
ch
ig
an
(funded by USEPA under subcontract with GLBC)
(A)
Maj
or
Lan
d
Use
s—P
urd
ue
Uni
ver
sit
y,
Wes
t
Laf
aye
tte
,
Ind
ian
a (
und
er
contract with USEPA)
In
add
iti
on
to
wor
k b
y T
ask
Gro
up
B,
ass
ist
anc
e i
n t
he
dev
elo
pme
nt
and
rev
iew
of
var
iou
s p
has
es
of
Tas
k B
was
con
tri
but
ed
by
Del
Joh
nso
n,
Mic
hig
an
Dep
art
men
t o
f N
atu
ral
Res
our
ces
; M
erl
e T
ell
eks
on,
USE
PA,
Reg
ion
V;
Pat
Cha
mut
, E
nvi
ron
men
t C
ana
da;
and
Har
vey
She
ar,
IJC
Reg
ion
al
Off
ice
, W
ind
sor
,
Ontario.
11
TABLE OF CONTENTS
LIST OF TABLES
LIST OF FIGURES
PREFACE
INTRODUCTION AND SUMMARY
Introduction
Detailed Study Plan, February 1974
Purpose
Scope of Study
Physical Fabric
Major Land Uses
Specialized Land Uses
Materials Usage
Future Trends
General Summary
Physical Fabric
Major Land Uses
Specialized Land Uses
Materials Usage
Future Trends
PHYSICAL FABRIC
Lake Huron Characteristics
Land Resources
Water Resources
Vegetation Zones and Wildlife Habitat
Demographic and Economic Characteristics
Planning Subarea 3.1
Land Resources
Water Resources
Vegetation Zones and Wildlife Habitat
Demographic and Economic Characteristics
iii
  
Page Number
vii
X
xi
w
U
1
m
h
a
N
I
v
\
I
N
C
‘
O
N
U
’
I
11
14
16
20
20
22
35
35
 
  
Page Number
Planning Subarea 3.2 38
Land Resources 38
Water Resources 46
Vegetation Zones and Wildlife Habitat 52
Demographic and Economic Characteristics 52
References 56
MAJOR LAND USES 57
Introduction 57
Approach 2;
Results
58
Land Use Inventory Procedures
Data 58
An
al
ys
is
59
Cl
as
si
fi
ca
ti
on
Ca
te
go
ri
es
O2
Sp
ec
if
ic
Pr
ob
le
ms
55
Re
su
lt
s
65
Pl
an
ni
ng
Su
ba
re
a
3.1
70
Pl
an
ni
ng
Su
ba
re
a
3.
2
80
Re
fe
re
nc
es
97
SPECIALIZED LAND USES 99
Lake Huron Basin Categories 99
Disposal Operations 99
Erosion 103
Intensive Livestock Operations 107
High Density, Nonsewered Residential Areas 108
Recreational Land Use 109
Planning Subarea 3.1 110
Disposal Operations 110
Ero
sio
n
113
Intensive Livestock Operations
117
High Density, Nonsewered Residential Areas
118
Recreational Land Use 119
Planning Subarea 3.2 119
Disposal Operations 119
Erosion 124
Intensive Livestock Operations 127
iv
High Density, Nonsewered Residential Areas
Recreational Land Use
References
MATERIALS USAGE
Basin Characteristics
Agricultural Characteristics
Materials Usage
Planning Subarea 3.l
Agricultural Characteristics
Materials Usage
Planning Subarea 3.2
Agricultural Characteristics
Materials Usage
Materials Usage Methodology
Chemical Information
Animal Manure Information
Commercial Fertilizer Information
Lime Information
Road De—Icing Information
References
FUTURE TRENDS
Introduction
General
Summary and Conclusions
Demographic,
Economic,
and
Land
Use
Activities
Population
Economics
Agricultural Production
Livestock
Land Use
Alternative Futures
Specialized Land Uses
Disposal Operations
Erosion
Baez—JIM
129
129
132
133
133
133
134
137
137
138
141
141
142
144
147
147
148
149
149
150
151
151
151
151
152
152
152
155
156
156
159
173
173
179
 Intensive Livestock Operations
High Density, Nonsewered Areas
Recreational Lands
Materials Usage
Agricultural Chemicals
Animal Wastes
Commercial Fertilizers
Lime
Salts
References
vi
Page Number
180
181
181
183
183
185
186
186
186
188
LIST OF TABLES
Table Number
N
O
‘
L
I
'
I
D
U
J
N
H
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
Lake Huron Area Measurement
Lake Huron Basin - Climatic Summary
Lake Huron Shoreland Use and Ownership
Lake Huron North - Planning Subarea 3.1
Soil Characteristics, Planning Subarea 3.1
Flow Characteristics at Selected Stations
General Stratigraphy and Major Aquifer Systems
in Planning Subarea 3.1
Chemical Quality Characteristics of the Major
Aquifer Systems — Planning Subarea 3.1
Population Data By County
Agricultural Land Use - PSA 3.1
Population, Employment, Personal Income, and
Earnings By Industry in 1970 - PSA 3.1
Lake Huron South — Planning Subarea 3.2
Soil Characteristics, Planning Subarea 3.2
Flow Characteristics at Selected Stations
General Stratigraphy and Major Aquifer Systems
in Planning Subarea 3.2
Chemical Quality Characteristics of the Major
Aquifer Systems in Planning Subarea 3.2
Population Data By County
Agricultural Land Use — PSA 3.2
Population, Employment, Personal Income, and
Earnings By Industry in 1970, PSA 3.2
Land Use Categories Classified
LANDSAT Data Utilized in the Lake Huron Basin
Training Statistics Extension for Lake Huron
Final Land Use Classification Categories
Color Code for County Maps
Major Land Uses, Lake Huron and Great Lakes Region
Major Land Uses In Planning Subarea 3.1 By
County - Great Lakes Region
Major Land Uses , Planning Subarea 3.1, Great
Lakes Region
Major Land Uses in Planning Subarea 3.2 By
COunty e Great Lakes Region
Major Land Uses, Planning Subarea 3.2, Great
Lakes Region
Liquid Waste Disposal, 1973
Solid Waste Disposal Sites, 1973
Average Annual Volume of Dredge Spoil Disposal
(1961-1970)
Deep-Well Disposal Sites, 1973
Lake Huron and St. Mary's River Shoretypes
Lake Huron Shoreline Erosion
Total Length of Riverbank Erosion
Number of Intensive Livestock Operations
High Density, Nonsewered Residential Areas
Summary of Recreational Areas and Activities, 1970
vii
Page Number
9
12
19
20
24
28
29
29
36
36
37
38
42
46
48
48
53
54
55
58
59
61
62
65
68
77
79
94
96
100
101
102
103
104
106
107
108
108
109
 
  
Ta
bl
e
Nu
mb
er
Pa
ge
Nu
mb
er
40
Li
qu
id
Wa
st
e
Di
sp
os
al
,
19
73
11
0
41
So
li
d
Wa
st
e
Di
sp
os
al
Si
te
s
By
Co
un
ty
,
19
73
11
0
42
Av
er
ag
e
An
nu
al
Vo
lu
me
of
Dr
ed
ge
Sp
oi
l
Di
sp
os
a1
(l
96
l—
l9
70
)
11
1
43
De
ep
—W
el
l
Di
sp
os
al
Si
te
s
11
3
44
Sh
or
e
Ty
pe
s
—
Pl
an
ni
ng
Su
ba
re
a
3.
1
11
3
45
Sh
or
el
in
e
Er
os
io
n
fo
r
Pl
an
ni
ng
Su
ba
re
a
3.
1,
19
70
11
6
46
19
73
Hi
gh
Ri
sk
Er
os
io
n
Mi
le
ag
e
11
6
47
Mo
de
ra
te
an
d
Se
ve
re
Ri
ve
rb
an
k
Er
os
io
n
11
7
48
In
te
ns
iv
e
Li
ve
st
oc
k
Op
er
at
io
ns
by
Co
un
ty
,
19
69
11
8
49
Hig
h
Den
sit
y
Non
sew
ere
d
Res
ide
nti
al
Are
as,
By
Co
un
ty
,
19
70
11
8
50
Li
qu
id
Wa
st
e
Di
sp
os
al
,
19
73
12
1
51
So
li
d
Wa
st
e
Di
sp
os
al
Si
te
s
By
Co
un
ty
,
19
73
12
1
52
Ave
rag
e
Ann
ual
Vol
ume
of
Dre
dge
Spo
il
Dis
pos
al(
l96
1-l
970
)
122
53
De
ep
—W
el
l
Di
sp
os
al
Si
te
s,
19
73
12
4
54
Sh
or
e
Ty
pe
s
—
Pl
an
ni
ng
Su
ba
re
a
3.
2,
19
70
12
4
55
Sh
or
el
in
e
Er
os
io
n
fo
r
Pl
an
ni
ng
Su
ba
re
a
3.
2,
19
70
12
6
56
19
73
Hi
gh
Ri
sk
Er
os
io
n
Mi
le
ag
e
126
57
Mo
de
ra
te
an
d
Se
ve
re
Ri
ve
rb
an
k
Er
os
io
n,
19
69
127
58
Int
ens
ive
Liv
est
ock
Ope
rat
ion
s
By
Cou
nty
,
196
9
127
59
Hig
h
Den
sit
y,
Non
sew
ere
d
Res
ide
nti
al
Are
as
By
Co
un
ty
,
19
70
12
9
60
Ma
te
ri
al
s
Us
ag
e
-
Ba
si
n
Re
la
ti
on
sh
ip
—
La
ke
Hu
ro
n
3.
0
to
Gr
ea
t
La
ke
s
13
3
61
Ma
te
ri
al
s
Us
ag
e
13
4
62
Gre
at
Lak
es
Bas
in
Mat
eri
al
Usa
ge
Inv
ent
ory
-
La
ke
Hu
ro
n
3.
0
13
6
63
Mat
eri
als
Usa
ge
Bas
in
Rel
ati
ons
hip
— P
SA
3.1
to
Gr
ea
t
La
ke
s
13
8
64
Mat
eri
als
Usa
ge
139
65
Gre
at
Lak
es
Bas
in
Mat
eri
al
Usa
ge
Inv
ent
ory
- P
SA
3.1
140
66
Mat
eri
als
Usa
ge
Bas
in
Rel
ati
ons
hip
PSA
3.2
to
Gr
ea
t
La
ke
s
14
1
67
Mat
eri
als
Usa
ge
142
68
Gre
at
Lak
es
Bas
in
Mat
eri
al
Usa
ge
Inv
ent
ory
-
Pl
an
ni
ng
Su
ba
re
a
3.
2
14
3
69
CrO
p,
Per
cen
t o
f A
cre
s T
rea
ted
wit
h C
hem
ica
ls,
Rat
es
and
Kin
ds
of
Che
mic
als
Use
d
145
70
Ani
mal
Man
ure
Mul
tip
lie
rs
148
71
Pop
ula
tio
n G
row
th
152
72
Pop
ula
tio
n L
eve
ls:
195
0—1
971
152
73
Pop
ula
tio
n,
Emp
loy
men
t,
Per
son
al
Inc
ome
, a
nd
Ear
nin
gs
By
Ind
ust
ry
197
0
153
74 Agricultural Production: Current Normal AVefage
(19
58-
197
2)
155
75
Liv
est
ock
:
197
2
156
76
Pre
sen
t
Lan
d U
se:
196
6-1
967
Bas
e
156
77
Agr
icu
ltu
ral
Acr
eag
e U
nde
r
Cul
tiv
ati
on
by
Cat
ego
rie
s:
Current Normal Average (1958—1972) 157
78 Agricultural Land Use: Current Normal Average
(1
95
8-
19
72
)
15
8
viii
Table Number
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
Demographic Projections
Population, Employment, Personal Income, and
Earnings By Industry, 1980, 2000, 2020 —
Series C Projections
Population,
Employment,
Personal
Income,
and
Earnings By Industry, 1980, 2000, 2020 —
Series E Projections
Crop Production Projections
for 1980,
2000,
2020
Series C
Crop
Production
Projections
for
1980,
2000,
2020
Series E
Projected
Livestock
Production,
1980,
2000,
2020
Series C
Projected
Livestock
Production,
1980,
2000,
2020
Series E
Land
Use
Projections
1980,
2000,
2020
-
Series
C
Land
Use
Projections
1980,
2000,
2020
-
Series
E
Projected
Extractive
Mineral
Land
Requirements
Projected Waste Water Flows Requiring
Disposal
Solid Waste Disposal:
Projected
Amounts
of
Solid Wastes Requiring Disposal
Projected
Amount
of Annual
Maintenance
Dredge
Spoil
Trends in Erosion
Projected
Number
of
Livestock
Held
in
Intensive
Livestock Operations
Number
of
Households
in High
Density,
Nonsewered
Residential Areas
Trends in Recreational Lands
Trends
in Recreational Activity Occasions Annually
Trends
in
Material
Usage:
Agriculture
Trends
in
Road
De—Icing
Salt
Usage
ix
W
160
162
165
169
170
171
172
174
174
175
176
177
178
180
180
181
182
184
185
187
 
 L
I
S
T
O
F
F
I
G
U
R
E
S
Figure Number
m
u
m
m
b
w
m
w
10
ll
12
13
14
15
16
17
18
19
20
21
22
23
24~29
30
31-42
43
44
45
46
47
48
49
50
51
52
53
EEESJEEEEE
L
a
k
e
H
u
r
o
n
B
a
s
i
n
S
t
u
d
y
A
r
e
a
in
V
o
l
u
m
e
Iv
,
G
r
e
a
t
L
a
k
e
s
B
a
s
i
n
3
L
a
k
e
H
u
r
o
n
B
a
s
i
n
S
t
u
d
y
A
r
e
a
4
P
r
i
m
a
r
y
W
a
t
e
r
f
o
w
l
U
s
e
A
r
e
a
s
—
L
a
k
e
H
u
r
o
n
B
a
s
i
n
15
L
a
n
d
U
s
e
s
i
n
t
h
e
L
a
k
e
H
u
r
o
n
B
a
s
i
n
17
S
h
o
r
e
l
a
n
d
s
of
L
a
k
e
H
u
r
o
n
18
L
a
k
e
H
u
r
o
n
N
o
r
t
h
P
l
a
n
n
i
n
g
S
ub
a
r
e
a
3.
1
21
Pl
an
ni
ng
Su
ba
re
a
3.
1
So
il
As
so
ci
at
io
ns
23
Pl
an
ni
ng
Su
ba
re
a
3.
1
Di
st
ri
bu
ti
on
of
Mi
ne
ra
l
Op
er
at
io
ns
Ac
ti
ve
in
19
68
an
d
Ma
jo
r
Mi
ne
ra
l
Re
so
ur
ce
Ar
ea
s
27
Gr
Ou
nd
Wa
te
r
in
th
e
Un
co
ns
ol
id
at
ed
Se
di
me
nt
s
in
Pl
an
ni
ng
Su
ba
re
a
3.
1
30
G
r
o
u
n
d
w
a
t
e
r
in
th
e
M
i
s
s
i
s
s
i
p
p
i
a
n
(M
ar
sh
al
)
A
q
u
i
f
e
r
S
y
s
t
e
m
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
1
3
1
G
r
o
u
n
d
w
a
t
e
r
i
n
t
h
e
D
e
v
o
n
i
a
n
A
q
u
i
f
e
r
S
y
s
t
e
m
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
1
3
2
G
r
o
u
n
d
w
a
t
e
r
in
th
e
S
i
l
u
r
i
a
n
(B
ur
nt
B
l
u
f
f
—
E
n
g
a
d
i
n
e
A
q
u
i
f
e
r
S
y
s
t
e
m
in
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
1
33
G
r
o
u
n
d
w
a
t
e
r
i
n
t
h
e
C
a
m
b
r
i
a
n
—
O
r
d
o
v
i
c
i
a
n
A
q
u
i
f
e
r
S
y
s
t
e
m
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
1
3
4
L
a
k
e
H
u
r
o
n
S
o
u
t
h
-
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
2
3
9
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
2
S
o
i
l
A
s
s
o
c
i
a
t
i
o
n
s
4
2
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
2
D
i
s
t
r
i
b
u
t
i
o
n
o
f
M
i
n
e
r
a
l
O
p
e
r
a
t
i
o
n
s
A
c
t
i
v
e
i
n
1
9
6
8
a
n
d
M
a
j
o
r
M
i
n
e
r
a
l
R
e
s
o
u
r
c
e
A
r
e
a
s
4
6
G
r
o
u
n
d
W
a
t
e
r
i
n
t
h
e
U
n
c
o
n
s
o
l
i
d
a
t
e
d
S
e
d
i
m
e
n
t
s
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
2
4
9
G
r
o
u
n
d
w
a
t
e
r
i
n
t
h
e
P
e
n
n
s
y
l
v
a
n
i
a
n
(
S
a
g
i
n
a
w
)
A
q
u
i
f
e
r
S
y
s
t
e
m
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
2
5
0
G
r
o
u
n
d
w
a
t
e
r
i
n
t
h
e
M
i
s
s
i
s
s
i
p
p
i
a
n
(
M
a
r
s
h
a
l
)
A
q
u
i
f
e
r
S
y
s
t
e
m
i
n
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
2
5
1
R
e
f
e
r
e
n
c
e
D
a
t
a
F
l
i
g
h
t
l
i
n
e
s
6
0
G
r
e
a
t
L
a
k
e
s
R
e
g
i
o
n
6
7
L
a
k
e
H
u
r
o
n
B
a
s
i
n
69
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
1
7
1
C
o
u
n
t
y
M
a
p
s
,
S
u
b
a
r
e
a
3.
1.
(
n
o
t
i
n
C
1
U
d
8
d
)
7
2
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
2
8
1
C
o
u
n
t
y
M
a
p
s
,
S
u
b
a
r
e
a
3
.
2
(
n
o
t
i
n
C
1
U
d
6
d
)
8
2
D
i
s
t
r
i
b
u
t
i
o
n
o
f
L
a
k
e
H
u
r
o
n
a
n
d
S
t
.
M
a
r
y
'
s
R
i
v
e
r
S
h
o
r
e
T
y
p
e
s
1
0
5
P
S
A
3
.
1
D
i
s
p
o
s
a
l
O
p
e
r
a
t
i
o
n
s
1
1
2
P
S
A
3
.
1
S
h
o
r
e
T
y
p
e
1
1
4
P
S
A
3
.
1
I
n
t
e
n
s
i
v
e
L
i
v
e
s
t
o
c
k
O
p
e
r
a
t
i
o
n
s
1
1
5
P
S
A
3
.
1
R
e
c
r
e
a
t
i
o
n
a
l
F
a
c
i
l
i
t
i
e
s
1
2
0
P
S
A
3
.
2
D
i
s
p
o
s
a
l
O
p
e
r
a
t
i
o
n
s
1
2
3
P
S
A
3
.
2
S
h
o
r
e
T
y
p
e
1
2
5
P
S
A
3
.
2
I
n
t
e
n
s
i
v
e
L
i
v
e
s
t
o
c
k
O
p
e
r
a
t
i
o
n
s
1
2
8
P
S
A
3
.
2
R
e
c
r
e
a
t
i
o
n
a
l
F
a
c
i
l
i
t
i
e
s
1
3
;
P
o
p
u
l
a
t
i
o
n
L
e
v
e
l
s
:
1
9
5
0
to
2
0
2
0
1
6
6
E
a
r
n
i
n
g
s
B
y
S
e
c
t
o
r
:
1
9
7
0
to
2
0
2
0
1
6
7
  
PREFACE
As
its
tit
le
Sug
ges
ts,
thi
s
vol
ume
pre
sen
ts
an
Inv
ent
ory
of
La
nd
Use
and
Land
Use
Prac
tice
s in
the
Lake
Huro
n Ba
sin,
_wit
h em
phas
is o
n ce
rtai
n
tr
en
ds
an
d
pr
oj
ec
ti
on
s
to
19
80
(a
nd
to
20
20
wh
er
e
ap
pr
op
ri
at
e)
.
Th
e
re
po
rt
,
pr
ep
ar
ed
by
th
e
Gr
ea
t
La
ke
s
Ba
si
n
Co
mm
is
si
on
st
af
f,
in
te
gr
at
es
se
ve
ra
l
st
ud
ie
s
by
co
nt
ra
ct
or
s
an
d
su
bc
on
tr
ac
to
rs
.
Th
es
e
st
ud
ie
s
we
re
pa
rt
of
th
e
U.
S.
Ta
sk
B e
ffo
rt
for
the
Gre
at
Lak
es
Pol
lut
ion
fro
m L
and
Use
Act
ivi
tie
s
Ref
ere
nce
Gro
up,
Int
ern
ati
ona
l
Joi
nt
Com
mis
sio
n.
The
Ta
sk
A
rep
ort
,
Man
age
men
t
Pro
gra
ms,
Re
se
ar
ch
and
Eff
ect
s
of
Pre
sen
t
Lan
d U
se
Act
ivi
tie
s
on
Wat
er
Qua
lit
y
of
the
Gre
at
La
ke
s,
da
te
d
No
ve
mb
er
19
74
,
pr
ec
ed
ed
th
e
Ta
sk
B
st
ud
y.
Th
e
Ta
sk
B
re
po
rt
fo
r
th
e
Un
it
ed
St
at
es
pa
rt
of
th
e
Gr
ea
t
La
ke
s
Ba
si
n
is
contained in six volumes:
Volume 1 ——Great Lakes Basin
Volume II ——Lake Superior basin
Volume III——Lake Michigan basin
Volume IV ——Lake Huron basin
Volume V ——Lake Erie basin
Volume VI -—Lake Ontario basin
Kn
ow
le
dg
e
of
pr
es
en
t
an
d
fu
tu
re
la
nd
us
e
an
d
la
nd
us
e
pr
ac
ti
ce
s
ar
e
im
po
r—
ta
nt
as
ba
ck
gr
ou
nd
to
ev
al
ua
ti
ng
an
d
co
nt
ro
ll
in
g
no
np
oi
nt
so
ur
ce
s
of
wa
te
r
pol
lut
ion
.
Th
is
rep
ort
des
cri
bes
and
qua
nti
fie
s,
as
app
rop
ria
te,
the
Gr
ea
t
Lak
es
Bas
in'
s
geo
log
y,
soi
ls,
min
era
ls,
cli
mat
e,
sur
fac
e
and
gro
und
wat
er,
veg
eta
tio
n,
wil
dli
fe,
and
eco
nom
ic
and
dem
ogr
aph
ic
cha
rac
ter
ist
ics
.
It
inv
en—
tor
ies
ava
il
ab
le
in
fo
rm
at
io
n
on
was
te
dis
pos
al
ope
rat
ion
s,
lak
esh
ore
and
ri
ver
-
ban
k e
ros
ion
, h
igh
—de
nsi
ty
non
sew
ere
d r
esi
den
tia
l a
rea
s,
and
rec
rea
tio
nal
lan
d
use
s a
s w
ell
as
mat
eri
als
app
lic
ati
on
of
agr
icu
ltu
ral
che
mic
als
,
fer
til
ize
rs,
lim
e,
ani
mal
was
tes
,
and
sal
ts
on
hig
hwa
ys.
Fin
all
y,
fut
ure
tre
nds
and
pr
oj
ec
—
tions are shown for the above categories.
Th
e
Gr
ea
t
La
ke
s
Ba
si
n
Su
mm
ar
y
an
d
ea
ch
of
th
e
fi
ve
La
ke
ba
si
n
vo
lu
me
s
ha
ve
be
en
re
vi
ew
ed
by
Jo
in
t
Ta
sk
Gr
ou
p
B,
wh
os
e
co
mm
en
ts
we
re
co
ns
id
er
ed
be
fo
re
ap
pr
ov
al
for
fin
al
rep
ort
dev
elo
pme
nt
and
sub
mit
tal
to
the
U.S
. E
nvi
ron
men
tal
Pro
tec
tio
n
Ag
en
cy
fo
r
me
et
in
g
co
nt
ra
ct
ua
l
te
rm
s.
Th
is
st
ud
y
fo
rm
s
a
U.
S.
co
nt
ri
bu
ti
on
to
the
U.S
. T
ask
B e
ffo
rt
of
the
stu
dy
on
Gre
at
Lak
es
Pol
lut
ion
fro
m L
and
Use
Activities.
xi
 
 Th
e
st
ud
y
di
sc
us
se
d
in
th
is
re
po
rt
wa
s
ca
rr
ie
d
ou
t
as
pa
rt
of
th
e
ef
fo
rt
s
of
th
e
Po
ll
ut
io
n
fr
om
La
nd
Us
e
Ac
ti
vi
ti
es
Re
fe
re
nc
e
Gr
ou
p,
an
or
ga
ni
za
ti
on
of
th
e
In
te
rn
at
io
na
l
Jo
in
t
Co
mm
is
si
on
,
es
ta
bl
is
he
d
un
de
r
th
e
Ca
na
da
—U
.S
.
Gr
ea
t
La
ke
s
Wa
te
r
Qu
al
it
y
Ag
re
em
en
t
of
19
72
.
Fu
nd
in
g
wa
s
pr
ov
id
ed
th
ro
ug
h
U.
S.
En
vi
ro
nm
en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
.
Fi
nd
in
gs
an
d
co
nc
lu
si
on
s
ar
e
th
os
e
of
th
e
au
th
or
(s
)
an
d
do
no
t
ne
ce
ss
ar
il
y
re
fl
ec
t
th
e
vi
ew
s
of
th
e
Re
fe
re
nc
e
Gro
up
or
its
rec
omm
end
ati
ons
to
the
Com
mis
sio
n.
xii


  
INTRODUCTION
AND
SUMMARY
INTRODUCTION
The Great Lakes Water Quality Agreement, with Annexes and Texts
and Terms of Reference Between the United States of America and Canada,
signed at Ottawa on April 15, 1972, included a reference to study pollu-
tion in the Great Lakes System from agricultural, forestry, and other
land use activities. The reference asked that the study assess whether
the boundary waters of the Great Lakes System were being polluted by land
drainage and if so, what remedial measures would provide improvements in
controlling pollutants from land usage. The need for better definition of
the impact of land use activities, practices and programs on water quality
in the Great Lakes area had become increasingly magnified. Through the
.Agreement, both the United States and Canadian governments requested the
International Joint Commission to investigate land use activity impacts
upon the Great Lakes. Accordingly, the International Reference Group
on Great Lakes Pollution From Land Use Activities was established in
December, 1972, and produced a detailed study plan (February, 1974 and
updated with the Detailed Study Plan Supplement August, 1976) outlining
an intensive study, scheduled for completion in 1978.
The final report will consist of study conclusions and recommendations
by PLUARG to the International Joint Commission.
Detailed Study PlaniiFebruary, 1974
 
The study plan emphasizes four main tasks:
Task A:
To assess problems,
management programs and research
and to attempt to set priorities in relation to the best information now
available on the effects of land use activities on water quality in bound—
ary waters of the Great Lakes.
Task B: Inventory of land use and land use practices, with emphasis
on certain trends and projections to 1980 and, if possible, to 2020.
Task C:
Intensive studies of a small number of representative water-
sheds, selected and conducted to permit some extrapolation of data to the
entire Great Lakes Basin and to relate contamination of water quality, which
may be found at river months on the Great Lakes, to specific land uses and
practices.
Task D: Diagnosis of degree of impairment of water_quality in the
Great Lakes, including assessment of concentrations of contaminants of
concern
in
sediments,
fish
and
other
aquatic
resources.
PURPOSE
Background information on characteristic Basin properties such as
land use and.related materials usage,
physical
fabric,
climate, population
and
related
socio—economic
data
is required
for
developing
the
land
use
and
water
quality
relationships
and
providing
a
foundation
for
assessment
of trends
in land use patterns and practices.
Towards
these ends the
Reference Group felt
that an inventory of land use and land use practices
1
  
with emphasis on certain trends and projections to 1980 and 2020 is
essential to assist in developing the planning and management of land
to minimize the loss of pollutants into drainage water.
The objectives of the Task B effort are directed towards the
following activities:
0 To provide a general land use inventory of the Great Lakes
Basin.
0 To provide specific information concerning the nature and
location of defined specialized land use categories in the
Great Lakes Basin.
0 To provide information on the physical fabric of the Great
Lakes Basin including soils and their capability, hydrology,
geomorphology, climate, mineral and gas resources, broad
vegetation zones.
° To provide an inventory of various materials applied to land
which may influence the quality of drainage waters.
0 To provide a consistent and comprehensive set of forecasts for
1980 and 2020 relating to land uses and land use activities
based upon socio—economic, technological and political develop—
ments.
SCOPE OF STUDY
In order to meet the Task B objectives for the U.S. portion of the
Great Lakes, studies were agreedupon by the Task B members to pr0vide an
inventory for the following categories.
Physical Fabric
The objective of this activity is to provide background information
and data on the physical fabric of the individual Great Lakes Basins focusing
on the land drainage/water quality relationships and to provide a detailed
description of the basin in terms of climate, population, and social—
economic conditions.
Major Land Uses
The objective of this section is to gather information about the
generalized land use patterns in the Great Lakes Basin. This information
is determined from computer analysis of multispectical scanner (MSS) data from
the Landsat—l Program (formerly known as the Earth Resources Technology Satellite).
Specialized Land Uses
 
The objective of this activity is to provide specific information
concerning the nature and location of specific land use categories in the
Great Lakes Basin. The following specialized land uses comprise this
section:
a. disposal operations, liquid waste, solid waste, dredge spoil and
artificial fills, and deepwell disposal
b. Erosion, lakeshore and riverbank
c. intensive livestock operations
d. high—density, nonsewered residential areas
e. recreational lands
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Figure 2
Lake Huron Basin
Study Area
SCALE IN MILES
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 Materials Usage
This activity provides an inventory of production and/or usage
within the Great Lakes Basin of certain materials applied to lands with
a potential for reaching the Great Lakes through land drainage. The
materials to be inventoried include pesticides, agricultural manures, chemical
fertilizers, agricultural liming materials and road salts.
We
The objective in this section is to identify and assess future trends
in major land uses, specialized land uses, material usage, and related
information which may affect the drainage of pollutants into the Great
Lakes for the target years 1980, 2000, and 2020.
In order to facilitate the organization of information into usable
format, the U.S. Task B has been organized into five volumes and a summary.
Each volume addresses one of the five Great Lakes Basins. The information
within each volume has been subdivided into individual planning subareas
representing the major drainage basins in each lake. Basic information for
each planning subarea is presented on a county basis.
GENERAL SUMMARY
The Task B effort is aimed at providing an inventory of various
categories affecting land drainage or pollutional materials to the Great
Lakes. In generating data necessary to complete the inventory, a variety
of sources were utilized, including state agencies, recognised experts in
the field, published reports and documents, in addition to information
contained in the TaSk A Reports. Some background information has been
compiled as supporting data for this inventory. This material is available
for review at the Great Lakes Basin Commission in Ann Arbor, Michigan.
Because most of the data collected reflects conditions between 1970
and 1973 it may not reflect exactly the current situation. However,it
seems reasonable to assume that no major changes have occurred in the last
three years to significantly alter the general picture this information
attempts to portray. Ideally a continuous updating of this information
would be of significant utility to researchers, planners and those involved
with managing the water resources of the Great Lakes. Figures 1 and 2 Show
the area of study for the Lake Huron Basin as developed in Volume IV.
Physical Fabric
Physical fabric information considered important to land drainage/water
quality relationships includes geology, soils, minerals, climate, surface
and ground water, vegetation and wildlife, demographic and economic character-
istics were also considered as they relate to the human adaptation and use
of this physical environment.
Glaciation produced the present topography of the Lake Huron basin.
Most of the basin is covered with thick glacial sediment; only in the
eastern part are glacial deposits thin and bedrock exposed in places.
Soils vary widely from the northern portion to the southern portion of the
basin.
Soils in the northern portion are low in lime content, low in
  
Soils of
great variety are found in the southern portion, with over 50 percent of
the total land area subject to some problem with drainage or flooding.
fertility, and subject to severe drainage restrictions.
The climate of the basin is a humid continental micro-thermo type.
Prevailing westerly winds from Lake Michigan have a moderating effect
on summer and winter temperatures. Extreme temperature variations are
not usual. The length and depth of Lake Huron make susceptible to extreme
wind and wave development}
Streams in the northern portion are generally short with stable
flows. Inland lakes are common and water quality is generally good.
the southern part of the basin flows of streams are usable and water
quality is poor due to turbidity and municipal, industrial and agricultural
wastes. Low well yields occur in most of the basin and the presence of
highly mineralized water in some parts of the bedrock are the major ground
water problems.
In
Wildlife habitat and wildlife resources vary from north to south with
changes in land use and climate being important factors in the variation.
The Lake Huron basin is the least developed in the Great Lakes, next to
Lake Superior. The northern half is oriented toward its recreational
resources while the southern portion is focused on manufacturing and
agricultural use.
Major Land Uses
In conjunction with the U.S. Environmental Protection Agency, Purdue
University developed a generalized land use mapping for 4 categories of
land use—-residential, commercial, row crop, close grown crop, pasture,
forest, water and wetlands——utilizing the Earth Resource Technology
Satellite (LANDSATml) information. This provided a complete coverage of
the U.S. portion of the Great Lakes Basin.
Specialized Land Uses
 
The specialized land uses covered in this report are disposal opera—
tions, erosion, intensive livestock operations, high density, nonsewered
residential areas, and recreational lands.
These categories are considered
to be the more significant nonpoint sources of pollution affecting the
water quality of the Great Lakes.
Disposal operations include liquid waste, solid waste, dredge spoil
and deepwell disposal. The majority of all these di3posal types are
found in the more populous, more industrialized southern portion. Pollution
problems from liquid waste disposal operations have been difficult to
determine until recently, when more strict monitoring procedures have come
into practice.
The Lake Huron shoreline is generally impermeable and acts
as a natural barrier to the direct inflow of contaminated ground water
from solid waste disposal sites.
The types of pollutants that may arise
are directly related to the type of refuse present and the manner of disposal.
O
M
 
 Planning Subarea 3.2 contains the largest number of deepwell
disposal operations of any 0f the planning subareas in the Great Lakes
Basin. The majority of these, however, are brine wells, which have
fewer potential problems than do waste wells.
The two types of erosion considered in this report are lakeshore
and riverbank. The Saginaw Bay area, characterized by wetlands, and the
northern portion of the lakeshore, comprised of erodible low plain, are
particularly susceptible to lakeshore erosion. About 6 percent of the
total length of riverbank in PSA 3.1 and 7 percent in PSA 3.2 is subject
to some form of erosion.
Almost one-half of all the housing units in the Lake Huron basin
are connected to a public sewer. This could have a great impact on water
quality in some localized areas. Contrasts in recreational use appear in
the Lake Huron basin. The northern portion is oriented toward activities
suitable for a natural environment and has many more rivers and lakes
suitable for boating and recreational uses than does the southern portion.
The shoreline of the southern portion is more developed, and urban and day
use facilities are more common.
Materials Usage
The Materials Usage section addresses primarily agricultural opera—
tions. However, an additional category, road salts, have been incorporated
into the section to address the influences of road deicing salting
practices upon the water quality of Lake Huron.
District contrasts in agricultural characteristics are evident in the
Lake Huron basin. Planning Subarea 3.1 is not generally known for its
agricultural production, but does contain a number of livestock. Planning
Subarea 3.2, by contrast, is primarily known for its agriculture and is
a major navy bean and sugar beet production center.
The major residuals generated from the various materials used in
agricultural operations are nutrients and industrial chemical materials.
The generation of nutrients, primarily nitrogen and phosphorus, results
from animal manures and fertilizer usage. Chemical residual materials
are primarily generated from the use of herbicides, insecticides, and
fungicides on crops. In addition, road deicing_salts can generate
significant levels of chloride concentrations in localized ground and
surface water areas. A third component, although relatively modest in
nature, is the leaching of liming materials into ground and surface water
areas.
Future Trends
The Lake Huron basin will experience significant changes in its
current population levels over the next several decades. By 2020, depend—
ing on the OBERS series used, population will increase between 50 and 100
percent. The Lake Huron basin is projected to move toward the national
income—per—capita ratio. Earnings by sector will be relatively stable,
with the exception of manufacturing, which will decline in importance,
and the service sector, which will increase in its economic share.
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 PHYSICAL FABRIC
LAKE HURON BASIC CHARACTERISTICS
Lake Huron,
the
second
largest
of
the
five
Great
Lakes
and the fifth
largest lake in the world,
has a water surface area of about 59,570 square
kilometers
(23,000
square
miles),
of which
about
23,570.square
kilometers
(9,100
square miles)
are
in the
State
of Michigan.
Approximately
41,960
square kilometers
(16,200 square miles) of land and water area in both the
Upper and Lower Peninsulas make up the drainage area of the northeast
portion of Michigan that is included in the Lake Huron basin.
An additional
92,200 square kilometers
(35,600 square miles)
of drainage basin is in
Canada.
The major sources of inflow to Lake Huron are the outlets from
Lake Superior and Lake Michigan.
The runoff from the Canadian and Michigan
portions of the drainage basin also feeds Lake Huron.
This includes the
Saginaw River which is the largest river in Michigan.
The economic counter-
part of the lake basin is the Lake Huron region, which includes 22 counties
in the northeast portion of the Lower Peninsula of Michigan.
For planning
purposes,
the Lake Huron basin (3.0) is divided into two planning subareas
(PSA 3.1 and 3.2).
Table 1
LAKE HURON AREA MEASUREMENT
  
Basin Region
(Hydrologic Area) (County Area)
Area
State
89
Km
Sg
Mi
Sg
Km
Sg
M1
3.1
Michigan
21,075
8,137
16,863
6,511
3.2
Michigan
20,839
8,046
18,055
6,971
Total
3.0
Michigan
41,914
16,183
34,918
13,482
41,914 16,183 34,918 13,482
Land Resources
Geology and Geomorphology
 
The
Lake
Huron
basinlies within
the
Central
Lowland
physiographic
province.
Glaciation
produced
the
present
topography.
The
basin
is
charac-
terized
by
its
hilly
glacial
moraines
in
the
western
and
southern
areas
which
greatly
contrast
with
the
flat
glacial-lake
plains
in
the
east.
Several
hills
reach
altitudes
of
396
meters
(1,300
feet),
whereas
the
plains
are
about
183
meters
(600
feet)
above
sea
level.
 Most of the basin is covered with thick glacial sediments; only
in the eastern part are the glacial deposits thin and bedrock exposed in
places. Glacial deposits are reported to be as much as 259 meters (850
feet) thick in the hilly morainal northwestern area and are composed largely
of silty and clayey sediments. Till plain, moraine, and outwash deposits
are less common.
The bedrock underlying the Lake Huron basin and consisting of
Paleozoic sedimentary carbonates, shales, and sandstones, forms the north-
eastern part of the Michigan structural basin. The older consolidated rocks
form the northeastern rim of the structural basin and the younger rocks lie
in the middle. The type of bedrock has played an important role in the
formation of major physiographic features. Where the bedrock directly under—
lying the glacial drift consists of relatively resistant carbonates and
sandstones, erosion has formed escarpments and hilly topography. On the
other hand, where shales are present, they have been easily eroded by various
erosional processes and now underlie the lake bottoms and other low areas.
The geologic characteristics in the northern part of the basin
have developed lowwaterholding soils, which have an effect on water quality
of the area. The streams draining this area are stable throughout the year,
mostly very clear, and are low in concentrations of chemical constituents.
Such conditions help provide high quality waters to Lake Huron.
Soils and Topography
 
Soils in the Lake Huron basin vary widely from the northern portion
of the basin to the southern portion of the basin. In the northern portion
the podzol soils, those developed under cool, moist climate from siliceous
parent material, cover most of the area. Typically, these soils are low in
lime content, low in fertility, and subject to severe drainage restrictions.
The soils of the scuthern portion of the basin show little resem—
blance to bedrock. Instead, their character is determined by differences in
the glacial mantle. Deposits range from the lacustrine clays to outwashes
of nearly pure sand and contain a large variety of mineral materials. In
addition, the long—term agents of climate, cover, and topography have
resulted in soils of great variety in terms of parent material, texture,
and soil profile development. Slightly over 50 percent of the total land
base in the southern portion of the basin is subject to some problem with
drainage or drainage and flooding. About 24 percent of the cropland is
subject to drainage problems, and on half of this area these problems are
severe.
Minerals(l)
Mineral deposits found in the Lake Huron basin are a reflection
of the geology, the sedimentation, and subsequent glaciation of the area.
Minerals found in the northern portion include gypsum, petroleum and
natural gas, sand and gravel, shale, and limestone. The minerals found in
the southern portion include clay, peat, petroleum, and natural gas, salt,
sand, gravel and limestone. In addition, cement and lime are manufactured
from both local and imported raw materials, and bromine, calcium compounds,
iodine, manganese, and potash (salines) are extracted or manufactured from
the natural brines. By far the most important mineral group is the salines.
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Water Resources
Climate
The climate of the Lake Huron basin is a humid continental micro—
thermo type. Prevailing westerly winds passing over adjacent Lake Michigan
have a moderating effect on summer and winter temperatures in the basin.
In addition, the presence of Lake Huron moderates the lake shore areas to a
significant extent. The lake acts as a vast reservoir for the storage of
heat energy and its Subsequent exchange with the atmosphere. The lake
effects are manifested in a number of ways, including moderation of temper-
ature, augmentation or suppression of precipitation, fog formation, and
increased wind strength. The maximum temperatures in July range from 27.7°C
(82°F) inland to 24.4°C (76°F) along the Lake Huron shore. January minimum
temperatures range from —12.2°C (10°F) inland to —7.8°C (18°F) in the sauth-
eastern shoreland in the basin. Extreme temperature variations are not
unusual for this area. For example Mio, Michigan in the center of the basin,
has recorded a high of 44.4°C (112°F) and a low of -42.8°C (—45°F). Mean
grow
ing
seas
on i
s al
so a
ffec
ted
by t
he l
ake
and
incr
ease
s fr
om n
orth
to s
outh
from 95 days inland to about 180 days on the south shore.
Precipitation over the basin averages 76 centimeters (30 inches)
per year and is distributed over about 150 days. The summer months account
for
abou
t 20
perc
ent
of t
his
prec
ipit
atio
n.
Aver
age
annu
al s
nowf
all
rang
es
from 102 centimeters (40 inches) in the scuthern portion of the basin to 254
cent
imet
ers
(100
inch
es)
in t
he S
ault
St.
Mari
e ar
ea.
Dens
e fo
g ma
y oc
cur
along the shore from an annual averageof 20 days in the Mackinac Straits
area
to n
ear
10 d
ays
at P
ort
Huro
n.
Wind
s av
erag
e fr
om 1
3 to
16 k
ilom
eter
s
per
hour
(8 t
o 10
mile
s pe
r ho
ur)
with
the
grea
test
veol
icit
es o
ccur
ring
alon
g th
e sh
orel
ine.
Ther
e is
cons
ider
able
vari
atio
n in
wind
dire
ctio
n, b
ut
in general prevailing winds are from the west. During the warmer months,
howe
ver,
a la
rge
perc
enta
ge o
f wi
nds
alon
g th
e sh
ore
come
from
the
east
.
The formation of ice on Lake Huron is quite similar to that of
Lake Michigan. During a normal ice season 60 percent of the lake surface
becomes ice covered. The lake clears rapidly of ice in the spring and
usually by early April only the North Channel, the Straits of Mackinac and
Saginaw Bay contain any extensive ice cover.
Ice cover on the Great Lakes can also affect climatic conditions.
The ice creates a barier between the atmosphere and the relatively warm
water. As a result the lake effects on the climate are diminished. This
creates clearing skies for shoreline areas and colder temperatures which
are more common to interior locations.
Although precipitation is not as large an input in Lake Huron as
it is in Lake Superior or Lake Michigan it still may contribute to the
contamination of water in this area. Rain and snow may absorb pollutants in
the atmosphere and contaminate the water. Large amounts of precipitation
also allows nutrients and pollutants from land to enter watercourses via
runoff and percolation.
 
Water quality problems from erosion can be caused by a number of
climate—related actions. These actions include currents, runoff, ground
water flow, frost—heaving, ice pressures, and flooding and wave forces. Wind
generated waves are the most damaging agent. The length and depth of Lake
Huron make it susceptible to extreme wind and wave development. Strong,
prevailing northwesterly winds cause large waves to be established, which
11
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travel long distances before reaching the south and east shores. In addition,
the climatic factors have an important effect on the distribution of people,
agriculture and industry in the basin, with the majority of the population
in PSA 3.2.
Table 2
LAKE HURON BASIN CLIMATIC SUMMARY
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throughout the lake have changed as well. Carp have been introduced, and
lake trout and walleye have been reduced in importance, presumably in
response to sea lamprey predation and poor fishing practices.
Water quality is generally good throughout the upper portion of
the basin, although there are localized reaches of substandard water quality.
These substandard reaches receive effluent of the primary treatment plants
or industrial discharges, or of seepage from septic tanks or discharge of
raw sewage. In the southern portion of the basin, the Saginaw River is
substandard in quality throughout its entire length.
Ground Water
The Lake Huron basin contains several moderately sized areas in
which large supplies of ground water are available for development. Most
of these areas are in the southwestern upland part of Planning Subarea 3.1.
The Au Sable River subbasin has the greatest potential. However, demand
for water supplies has been small, inasmuch as this subbasin is relatively
undeveloped. Large supplies, in small areas, also are available in the
western and southern parts of Planning Subarea 3.2. The aquifers here
require careful development to avoid contamination by salinewater. Else—
where in the basin, there are no known sources of large groundwater supplies;
development of large supplies of water in these portions of the basin require
use of Lake Huron water or that from streams.
The chief sources of ground water are the aquifers in the glacial
outwash and in some places the morainal deposits. The bedrock is dominantly
Paleozoic sedimentary carbonates, shales, and sandstones. The sandstone or
carbonates, especially where they can be recharged from overlying permeable
glacial deposits, are sources of moderate supplies of ground water.
Other than a general occurrence of low well yields in large parts
of the basin, the major groundwater problem is the presence of highly
mineralized water in some parts of the bedrock. Pollution also has been a
problem in the basin. There is a potential for local pollution from solid
waste disposal, industrial wastes, oil—field brines, highway salting, and
liquid wastes (eg. laundromat wastes). Continuing protection of sources of
ground water is needed.
Presently, groundwater sources have beendeveloped intensively for
water supply at points of need. Unfortunately, the points of need are
generally not at the best potential sources. Thus, some groundwater resources
are relatively untapped and are still available for regional development.
The wide distribution of aquifers suggests their potential value for use
other than at points of need. Possible applications include the use of
ground water for low-flow augmentation, sewage assimilation, and for
replenishment of surface reservoirs. Use of ground water for purposes such
as these could materially aid in the solution of water quality as well as
water quantity problems. In addition, tapping of unused aquifers on a
regional basis could lower the water table to provide underground storage
capacity for increased natural recharge, and conceivably could reduce flood
discharges.
The small population, large recreational use, minor industrial
development, limited irrigation, and local highly mineralized water have all
restricted the development of ground water in Planning Subarea 3.1. In
Planning Subarea 3.2, small quantity, highly mineralized water, major
13
  
  
  
   
industrial development locally, and large withdrawals of surface supplies
have restricteddevelopment of ground water.
Vegetation Zones and Wildlife Habitat
Beech, birch, maple, and hemlock are the major forest types covering
the northern portion of the basin and parts of the mid—portion as well as
the Lake Huron shore area. A wide band of jack, red, and white pine
stretches across the central portion of the northern area of the basin,
bordered by areas of spruce and fir to the south. In the southern portion
of the basin the species are aspen, birch, elm, ash, maple, and pine
stretches across the central portion of the northern area of the basin,
bordered by areas of spruce and fir to the south. In the southern portion
of the basin the species are aspen, birch, elm, ash, maple, and pine. These
species are not of high quality for producing marketable saw logs. Conse-
quently, the forest industry in the 11 counties of Planning Subarea 3.2 is
primarily oriented to the production of pulpwood and Christmas trees, with
only a limited amount of timber being used for manufacturing of other wood
products.
Wildlife habitat and wildlife resources vary from north to south in the
area with changes in land use and climate being important factors in the
variation. The northern part of the plan area is characterized by large
tracts of state and national forests. Human population densities are low
and problems here are those of resource management. In the big game category
deer make up the main target. There is also a small herd of elk in four
northeast counties.
Good habitat conditions provide the area with some of the best ruffed
grouse and woodcock populations in the State of Michigan. Squirrel, various
hare, and cottontail rabbit make up the remainder of the population of small
game.
For waterfowl, many species of ducks and geese frequent the open waters
of Lake Huron in addition to the many inland marshes, lakes, rivers, and
flooded areas.
Lately the wildlife habitat has deteriorated. Clean farming practices,
particularly in the "Thumb" on the east side of Saginaw Bay, have hurt
pheasant nesting and winter cover,as well as reducing the pheasant food
supply. In addition to the degradation of habitat, losses of habitat area
are occurring from urban expansion. The construction of highways, sub—
divisions, and new utilities has taken a significant amount of land.
The northern portion of the area offers an abundance of fishing oppor-
tunities. A wide variety of species, large acreages and numerous lakes,
many miles of stream accessibility, and a rural natural environment are
many factors influencing large numbers of fishermen to travel fairly long
distances to fish in this area.
In the lower portion of the basin water pollution from industrial,
municipal, and agricultural development has in the past diminished the
fishing quality in many of the major rivers and impoundments, particularly
around Flint, Saginaw, Bay City, and Midland. Additional problems are
serious erosion and siltation from both agriculture and urban construction.
Management for the valuable sports species and the removal of rough fish is
also a problem in this portion of the basin. Recent improvement in water
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quality and the newly planned impoundment of Pine River offer hope for
reestablishing valuable fishery specieswithin the southern portion of the
basin.
(1+)
Demographic and Economic Characteristics
 
Population
The Lake Huron basin ranks fourth in population of the five plan
areas in 1970, with 1,237,557 persons, about 4.2 percent of the regional
population. This was an increase of 17 percent from the 1960 population of
1,056,577. The rate of increase was slightly higherin the northern part
of the area than in the southern part, though the latter is by far the more
populous. In the 11 northern counties only Alpena, Cheboygan, Iosco, Otsego,
and Presque Isle supported population centers large enough to be classified
as urban. Theremaining four counties had less than 10,000 persons each.
The southern portion of the area shows a wide spread between sparsely settled
Gladwin County and thickly settled Genesee County. Genesee County, with a
population density of about 690 persons per square mile, is the second most
densely populated area in Michigan. The 1970 population census showed
665,761 persons living in urban areas, or 61.0 percent of the total popu-
lation of 1,094,201. There are three SMSA's in the Lake Huron basin. These
are Flint, Saginaw, and Bay City, all in the southern part.
Resource Use and Development
 
Outside of Lake Superior, Lake Huron is the least developed of all
the Great Lakes. The northern half of the Lake Huron basin is more conducive
to development and utilization of the recreational resources as indicated by
the approximately 20,700 seasonal vacation homes that are located in the
area. The highest concentration of these homes is in the counties adjacent
to Lake Huron and in the counties with large numbers of inland lakes. In
addition to these seasonal vacation residents, thousands of tourists come
to the area each year for recreation.
The economy in the southern portion of the basin is focused on
intensive, heavy manufacturing, largely concentrated in the urban areas of
Genesee, Saginaw, and Bay Counties, and in Midland County, which is the
center of one of the largest chemical industries in the United States. Most
of the population is in these four counties. Most of the other counties in
the southern portion of the basin depend on resource baseactivities such
as the prime agricultural land in the "Thumb" area and in the western part
of the area.
Few municipalities of any size are located on the United States
shorelands of Lake Huron. The more significant towns and cities include
Cheboygan, Alpena, East Tawas-Tawas City, Bay City and Port Huron. Conse-
quently, very little commercial and industrial activity is currently in
evidence along the shorelands except at Bay City, Rogers City, Alpena and
Cheboygan. Figures 4-and 5 summarize the existing development of the
Lake Huron area.
Use and development of the United States shorelands of Lake Huron
is light from Mackinaw City southward to the most populated areas near
Tawas City and Bay City. Predominant use and development along this shore-
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line
stretch
consists
of
Seasonal
and
permanent
residential
housing,
inter—
rupted
at
the
larger
municipal
areas
with
some
commercial
and
industrial
development.
Agricultural
use
of
the
shorelands
is
common
in
many
areas,
often
immediately
landward
of
residential
development
on
the
shoreline.
Forest
lands
are prevalent
in
the northern portion
of
the lake
as well.
Many
of
these
undeveloped
agricultural
and
forested areas
are
slowly being
converted
to
residential
use.
North
of
Bay
City,
overland
transportation
routes
provide
access
to
the
Huron
shoreline.
However,
freeways
and
other
high
speed
roadways
arenoticeable
absent,
which
no
doubt
explains
the
relatively
light
development
of
this
shoreland
area.
The
ownership
of
the
northern
portion
of
the
Lake Huron
shorelands
is
predominantely
private with
publicly
owned
lands accounting
for
only 12
percent
of
the
total
holdings.
Recreational
opportunities
on Lake
Huron
are primarily provided
by Michigan
state parks.
Local
public
parks
are
located
in many locations
along
the
shorelands,
although
their acreage
is
limited.
State
forest lands,
although
not
managed
for
intensive
recreational
use,
do provide
opportunities for
hunting,
snowmobiling,
sightseeing
and other
activities
not
normally
associ-
ated with the shorelands.
The southern portion of Lake Huron from Saginaw Bay southward to
Port
Huron,
Michigan,
is
developed
to
a
greater
degree
than
the
northern
portion
but
is similar
in
the
type
of
development.
Residential and
agricul-
tural
development
again
predominates
in
most
rural
areas,
especially
in
Huron and Sanilac Counties, Michigan.
Commercial and industrial development
accounts
for
only 2 percent
of
the
total
shoreland use
in
this
southern
Lake Huron
area
and
is
concentrated
mainly
in the
Bay
City area.
Because
of
the marshy
shore
type
of
the
Saginaw
Bay area,
large
tracts
of
shorelands
in Tuscola
and Huron
COunties
are almost
completely
undeveloped
except
for
agricultural
use
landward
of
the
marshlands.
Table
3
summarizes
shoreland
use
and
ownership
along
the
Lake
Huron
shoreline.
Table 3
L
A
K
E
H
U
R
O
N
S
H
O
R
E
L
A
N
D
USE
A
N
D
O
W
N
E
R
S
H
I
P
1970
(IN MILES)
State of
Us_es.
m
e
s
.
,
,J/ G 670
Residential
236.9
7V”
A,
Commercial
and
industrial
17.3
2.
pi
Public
lands
and
buildings
2.4
I44
3
Agriculture
and
undeveloped
34-7
I
:
/1;“'
Recreation
25.6
'“
’
Wildlife
preserves
17-1
FT
V
Forest
lands
181.0
2; V0
Ownership
Federal
9.5
Non-federal
public
56.4
Private
499.1
Total
shore
miles
565.0
To
Convert
From
To
Multiply
By
Miles
(mi)
‘
Kilometers
(km)
1.609
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 PLANNING SUBAREA 3.1
 
Planning Subarea 3.1 includes the St. Marys Complex, the Les Cheneau
Complex, the Presque Isle Complex, the Cheboygan River, Thunder_Bay River,
Alcona Complex, the Au Sable River, and the Rifle-Au Gres Complex. The
planning subarea includes 11 counties in the Lower Peninsula only.
Table 4
LAKE HURON NORTH PLANNING SUBAREA 3.1(4)
Drainage Area Population 1960 1970
Square Kilometers 21,077 Total 119,007 142,064
Square Miles 8,138 Farm 19,378 ---
Non—Farm 99,629 ---
States
Michigan 100% SMSA none none
Land Use and Water Area (1970)
(Acres) Emploment 37 , 503 45 , 609
Total Area 4,167,000
Water Area 149,200 Agriculture
Land Area 4,017,800 Forestry, Fisheries 10% 5%
Urban 180,801 Mining 3% 3%
Cropland 530,350 Manufacturing 23% 23%
Pasture 172,765 Other 64% 69%
Forest Land 2,912,905
Other Land Area 220,979 Income (1967 dollars)
Total Personal Income 389,007,000
Lake Huron Shoreline Per Capita Income 2,733
Kilometers 580.9
Miles 361.0
To Convert From To Multiply By
Acres (acre) Hectares (ha) 0.405
Land Resources
Geology and Geomorphology
The area is characterized by rather flat to rolling terrain with
elevations ranging from about 180 meters (600 feet) to 300 meters (1,000 feet)
above sea level. In the northwestern portion of the basin, an exception to
this general condition occurs where hilly, sandy, morainal uplands predomi—
nate and elevations reach over 400 meters (1,400 feet). The oldest bedrock
formations stretch across the northern one-third of the region. Limestone
outcrops occur in Alpena, Cheboygan, and Presque Isle Counties. A wide
band of undifferentiated bedrock composed of blue-grey limestone and cala—
reous shale lies across Cheboygan and Presque Isle Counties. Shale forma—
tions outcrop in Alpena, Presque Isle, Cheboygan Counties; the Michigan
formation composed of shale, sandstone, beds of gypsum, and some dolomitic
limestone, outcrop in Iosco and Ogemaw Counties.
20
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Planning Subarea 3.1 consists mostly of coarse textured soils;
sand and loamy sand. The landscape is nearly level to gently sloping with
local areas of stronger relief.
Medium textured soils occur at the north end of the area near Lake
Huron. Along the lake shore, shallow medium textured soils over limestone
bedrock are extensive. Slopes are gentle to rolling with steeper local areas.
The southern portion of the area, west of Saginaw Bay, is a mixture
of moderately fine, medium and coarse textured soils, ranging from clay loam
to sand.
Large and small deposits of organic soils occur throughout the
subarea. Soil associations are shown on Figure 7.
Some soil characteristics that are important in identifying and
locating potential pollution problems resulting from land use activities are
shown on Table 5.
Minerals
Mineral production in the 11 Michigan counties which comprise
Planning Subarea 3.1 include gypsum, petroleum and natural gas, sand and
gravel, shale, and stone (limestone). From 1960 to 1968, gypsum output
remained constant while shale, sand and gravel, and crushed and broken stone
increased in Output and value. Petroleum and dimension stone decreased in
value and output during this time.1
A total of 51 nonmetallic mineral operations and 518 oil and gas
wells were producing in 1968. All of the counties had sand and gravel oper—
ations. Oil and natural gas wells were active in 6 counties, limestone
quarries in 4 counties, and shale and gypsum operations in one county each.
Selected operations are shown in Figure 8.
The combination of low population and bountiful mineral resources
in Planning Subarea 3.1 should allow for an orderly growth of the mineral
industries within a quality environment. Hence, no serious long range water
or land problems are foreseen for the subarea mineral producers.
Water Resources
Surface Water Hydrology
Planning Subarea 3.1 has abundant surface water resources. It
contains nearly 60,700 hectares (150,000 acres) of surface water in the form
of rivers, lakes, and embayments. The major river systems include the
St. Marys Complex, the Les Cheneau Complex, the Presque Isle Complex, the
Cheboygan River, Thunder Bay River, Alcona Complex, the Au Sable River, and
the Rifle—Au Gres Complex. These total for over 6,400 kilometers of streams
(4,000 stream miles). The streams are typically short; with generally
stable flows and small drainage areas.
Table 6 indicates flow character-
istics for selected stations.
Water surface on inland lakes within the planning subarea exceeds
76,890 hectares (190,000 acres) and range from 20,235 hectares (50,000
acres) to small glacial ponds measuring 0.04 hectares (one tenth of an acre).
There are also a few eXisting reservoir sites within the planning
subarea which total to over 8,094 hectares (20,000 acres) of water surface.
A number of smaller sites (less than 200 hectares or 500 acres) also exist
but are not included in these figures.
22
    
 
VICINIYV MAP
SCALE m mus
: 1::
u 50 mo
   
5L Ignace
  
     
Q
Muc
kin
u l
ilan
d
.
Swan's 0' Mackinac Q Bois BIanc Island (S; ‘04
w
(
[Q
‘x
io
q
s I
‘4’ “’6?
29 3 6‘
C b gan
27 2
/ o I O 2 2
3 7 26 ‘5‘ 2
K 27 26 2 2 a:
auru co 1. h
f
f
2
5
’
5
’
0
27 @
\\
\
2%
a
&
§
0
l
w ' ‘ 2 2 4/
ll
2 7
26 I 22 30
1;
2
G
lak-
N
26 'L
. CH 8 AN PR “5' E
2 7 9 like w
26 28 0 1
26 - _ 2 7 2 IS 2 Alpena
6 43 I9 29
0 Gay 0rd 27
26 2 2 7 mm Bay
0 '2
27 2 2 2 i
ON ENC A P
20
28
j 2 a Hubbazn;
26
< 27 2 29
IS
Sabl ,
m I9
0
2 5
I9 ‘
oscooA “co ’4.
2 7 uosco ,g
/ Oscoda
n v 28
19
26 o 29
I9 I
IS T a I G: ( Tawas
26 E” -‘ 29
I 28 ‘
|9_ I R 5C 23
‘0: kin, 4 20
29 -— 28
? 9
2 5
 
(I
SAGINAW BAY
 
SCALE IN MILES
0 5 IO 15 20
Fi
gu
re
’7
SO
IL
AS
SO
CI
AT
IO
NS
:
PL
AN
NI
NG
SU
BA
RE
A
3.
1
23
 
2
4
Tab
le
5
SOIL CHAR
ACTERISTI
CS IN PLA
NNING SUB
AREA 3.1
  
SOIL
ASSOCI-
AT
IO
N
SUH
BER
SOIL A
SSOCIA
TION D
ESCRIP
TION
MAJOR
SOIL
SERIES
SO
IL
TE
XT
UR
E
 
TO
P
SOIL
SUB
SOIL
SUB
STRATA
NATURAL
SOIL
DRAINAGE
PERM
IT:-
AB
IL
I T
Y
017
MOST
RESTRICT-
ED
LA
YE
R
in./hr.
AVAI
LABL
E
EATER
CA
PA
CI
TY
l
in./in.-
m
)
FA
C—
TOR
NATURAL
FE
.—
ne
w
  
Mi
ch
ig
an
16
1
7
19
20
21
22
 
Nearl
y lev
el to
slopi
ng (O
-IZZ
slope
), mo
derat
ely
fine
to f
ine
text
ured
, we
ll
to p
oorl
y dr
aine
d,
medi
um t
o sl
ight
ly a
cid
soil
s fo
rmed
on l
ake
plai
ns.
Nearl
y lev
el (O
-ZZ s
lope)
, mod
erate
ly fi
ne te
xture
d
and organic, poorly to very poorly drained, medium
to slightly acid soils formed on lake plains.
Nearl
y lev
el to
slopi
ng (0
—122
slope
), me
dium
textu
red,
well
to so
mewha
t poo
rly d
raine
d, me
dium
acid
to n
eutr
al s
oils
form
ed o
n ti
ll p
lain
s an
d
moraines.
Nearl
y lev
el to
gentl
y slo
ping
(0—61
slope
),
coars
e to
moder
ately
fine
textu
red,
somew
hat
poorl
y to
very
poorl
y dra
ined,
mediu
m aci
d to
neut
ral
soil
s fo
rmed
on o
utwa
sh a
nd t
ill
plai
ns a
nd
moraines.
Nearly level 0-22 slope, medium to coarse textured,
poorly and very poorly drained, neutral soils
formed on lake and till plains.
Nearl
y lev
el to
slopi
ng (0
—122
slope
), me
dium
textur
ed and
organi
c, wel
l to v
ery po
orly d
rained
,
medium
to ext
remely
acid s
oils f
ormed
on til
l
plain
s and
morai
nes.
Essexville
Onto
nago
n
Pickford
Pickford
Bergland
Organic
Hester
Kawk
awli
n
Selkirk
Sims
Kawk
awli
n
Capac
Iosco
Wie
ner
Harsh
Onaway
McBride
Gue
lph
Organic
 
silty
clay
si.cl
.loam
si.c1
.1oam
clay
muck
loam
loam
si
lt
lo
am
clay
loam
loam
lo
am
loamy sand
loam
loamy
sand
loam
silt
loam
loam
muck
 
'clay
loam
sa.c1.1oam
 
cl
ay
clay
clay
clay
muck
si.cl
.loam
clay loam
clay
si.cl.1oam
clay
loam
sa
nd
ai
.c
1.
lo
am
loa
my
san
d
clay loam
clay
loam
muck
clay
clay
clay
clay
muck
si.
c1.
loa
m
clay loam
clay
clay
loam
clay
loam
lo
am
si.cl
.loam
cl
ay
lo
am
clay
loam
NOT
silt loam
si
lt
lo
am
mu
ck
 
well
8 mod
.
well
poorly
poorly
very
poorl
y
very poorly
well
5 mod
.
well
somewhat
poorly
some
what
poorly
poor
ly &
very poorly
somewhat
poo
rly
somewhat
poorly
some
what
poorly
poo
rly
poorly &
very
poorl
y
APPL
ICAB
LE
very
poorl
y
 
0.05
—0.2
(0.06
(0.06
(0.06
5.0-
20.0
0.2
-0.
6
0.2
—0.
6
0.06
-0.2
0
0.06
-0.2
0
0.2
-0.
6
0.6-0.20
6.3-
20.0
0.2
—0.
8
5.0-
10.0
0.2
—0.
8
0.8-2.5
0.2
—0.
8
5.0—2o.o
 
0.16
—0.1
8
0.
16
-0
.1
8
0.16
-0.1
8
0.16
—0.1
8
0.
50
0.16
-0.1
8
0.16
-0.1
8
0.16
—0.2
0
0.
16
—0
.1
8
0.16
-0.1
8
0.16—0.18
0.10
-0.1
8
0.
18
0.10
-0.1
2
0.
16
-0
.1
8
0.10
-0.1
6
0.
16
-0
.2
0
0.
50
  
.43
.49
.é9
.49
.17
.43
.3
7
.49
.3
7
.3
7
.23
.
4
3
.23
.3
2
.3
2
.37
.17
high
hi
gh
high
hi
gh
lo
w
high
hi
gh
hi
gh
high
high
high
lo
w
high
lo
w
hi
gh
med
ium
high
l
o
w
  
fr
ag
ip
an
  
2
5
Table 5 Co
nt'd
.
 
SOIL
ASSOCI-
AT
IO
N
Ii H 3BR
SOIL TEXTURE
 
MAJOR
SOIL
SERIES
TOP
SOIL ASSOCIATION DESCRIPTION
SOIL
SUB
SOIL
23
24
2
5
26
27
2
8
 
Michigan
(continu
ed)
 
Level
to gen
tly sl
oping
(0-61
slope)
, medi
um to
loan
moderate
ly coars
e textur
ed and o
rganic,
somewhat
poorly t
o very p
oorly dr
ained, s
lightly
to
extrem
ely ac
id soi
ls for
med on
lake a
nd til
l plai
ns.
Ange
lica
Richter
sandy lo
am
Organi
c mu
ck
Nearl
y lev
el to
gentl
y slo
ping
(0-62
slope
), me
dium
Bruce
loam
textur
ed and
organi
c,vsom
ewhat
poorly
to ver
y
poorly drain
ed, slightly
to extremely
acid soils
formed on lake plains. loam
Bri
mle
y
Org
ani
c
muc
k
Nearl
y lev
el to
gentl
y slo
ping
(0—62
slope
), co
arse
Brevo
rt
to mo
derat
ely f
ine t
extur
ed, s
omewh
at po
orly
to
very
poorl
y dra
ined,
mediu
m aci
d to
neutr
al
mineral
soils fo
rmed on
lake, ou
twash an
d till
plains a
nd morai
nes.
loamy
sand
Iosco
loamy sa
nd
Sims
clay lo
am
Organi
c mu
ck
Montcalm
Kalkaska
Emmet,
(undulati )
Nearly l
evel to
gently u
ndulatin
g (0-121
slope),
coarse t
o modera
tely coa
rse text
ured, we
ll and
moderately w
ell drained
, strongly
to medium
acid soi
ls forme
d on-lak
e, outwa
sh and t
ill plai
ns,
drumli
ns, mo
raines
and du
nes.
loamy
sand
loa
my
san
d
Nearly l
evel to
hilly (0
-181 slo
pe), coa
rse to
moderately c
oarse textur
ed, well an
d moderatel
y
well d
rained
, stro
ngly t
o medi
um aci
d soil
s
formed o
n lake,
outwash
and till
plains,
drumlins
,
moraines and dunes.
Montcalm
Kalkaska
Emmet,
(hilly)
loamy
sand
loamy
sand
sandy
load
Nearly
level
to hil
ly (0—
182 sl
ope),
coarse
Rubico
n
textu
red,
well
drain
ed, m
edium
to st
rongl
y aci
d
soils
forme
d on
outwa
sh an
d lak
e pla
ins.
loamy
sand
Grayl
ing
loamy
sand
  
sandy.loaﬂ.
sa.cl.loam
san
dy
loa
m
muck
si.cl.loam
si.cl.loam
muck
sa
nd
sand
si.cl
.loam
muck
loamy sand
sa
nd
sa.
cl.
loa
m
loamy sand
sa
nd
sa.c1
.loam
sa
nd
san
d
.
 
SUB
STRATA
lo
am
loam
y sa
nd
Lu
ck
silt
,ver
y
fine
sand
silt,
v.fi.sand
muck
silt
loam
si.
cl.
loa
m
clay
loam
muck
sa
nd
sa
nd
san
dy
loa
m
sand
sa
nd
san
dy
lo
am
sa
nd
sand
  
NATURAL
SOIL
DRATNAGE
PERHE—
ABILITY
0F H
OST
RESTRICT-
ED LAYER
in./hr.
AVAl LAB LE
HA']
E
R
CAPA
CITY
l
in./
in.~
(K)
FAC—
TOR
NATURAL
FER—
TEer
poorly 8
very
poorl
y
somewhat
poorly
very
poorl
y
poorly &
very
poorl
y
somewhat
poorly
very poorly
poorly 8
very
poorl
y
somewhat
poorly
poorly &
very
poorl
y
very
poorl
j
well
well
well 6 mod.
well
we
ll
well
well 8 mod.
well
well
well
0.2
-0.
8
0.2—2.5
S.0—20.0
0.2
-2.
5
0.2
—2.
5
S.0-
20.0
6.3-
20.0
6.3-
20.0
0.06—0.2(
5.0-20.0
5.0-10.0
5.0-
10.0
0.8—2.5
5.0—
10.0
5.0—10.0
0.8
-2.
5
6.3-
20.0
5.0—10.0
 
0.
04
—0
.1
0
0.
10
-0
.1
6
0.
10
—0
.1
6
0.04
-0.1
0
0.
08
-0
.0
4
0.16
—0.2
0
0.10-0.12
0.50
0.16
—0.1
8
0.16
-0.1
8
0.50
0.
10
—0
.1
2
0.10-0.18
0.16-0.1
0.
50
0.4-0.10
0.4-
0.10
0.4-
10.0
.3
2
.24
.17
.3
2
.17
.23
.23
.49
.17
.2
4
.17
.28
.24
.17
.2
8
.17
.1
7
high
medium
low
high
high
lo
w
low
low
hi
gh
low
lo
w
lo
w
med
ium
low
low
med
ium
lo
w
lo
w
 
 
     
 Table 5 Cont 'd .
SO
IL
TE
XT
UR
E
PE
RH
E-
ABILITY
SOIL
0? MOST AVAILABLE
Assoc1-
MAJOR
NATURAL RESTRICT- wAIEn (K) NATURAL
ATION ‘ SOIL TOP sun sun SOIL an LAYER CAPACITY FAC- FER—
:zmmea son. ASSOCIATION DESCRIPTION SERIES sou. son. STRATA DRAINAGE i.n./hr. 1n./1n.l TOR nun
   
<
Michi
gan (
conti
nued)
29 Nearly level to gently sloping (0—62 slope), coarse Roscommon sand sand sand poorly 5 6.3-20.0 0.04-0.06 .17 low
textured and organic, sonewhat poorly to very very poorly
d
d
:2:;:: :zazﬂiugsztrizgiyaﬁg :iiihgizizgi 30118 AuGres sand sand sand somewhat 6.3-20.0 0.06-0.04 .17 low
' '
poorly
Organic muck u
ck muck ve
ry poorly S.0—20.0 0.5
0 .17 low
30 Nearly
level to ste
ep (0—181 sl
ope), modera
tely Lo
ngrie sand
y loam sandy
loan bedroc
k well 8
mod. 0.8-2.
5 0.16-0.1
6 .32 low
coarse t
o medium
textured
, well
and mode
rately w
ell
well
dram“ “a
erate” “"
11” 3°11“
“med 1“ “
11 sumez
vulgoan
loam
bedrock w
ell 0
.8—2.5 0.1
4—0.16 .32
medium
over
limes
tone
bedro
ck.
St. Ignace s
andy loansa
ndy loam be
drock wel
l 5 mod. 0.6
—6.3 0.14-
0.16 .32
low
well
43 Nea
rly leve
l (0-21
slope).
organic
soils, v
ery
Organic
muck
nnuck
muck
very poo
rly 5.0-
20.0 0.
50
.17 lo
w
poorly d
rained.
extremel
y to sli
ghtly ac
id forme
d
in de
press
ions
in la
ke, t
ill a
nd ou
twash
plain
s
and
mor
ain
es.
2
6
             
l!
Exp
res
sed
as
a r
ati
o —
sal
e i
n me
tri
c f
orm
To
Con
ver
t F
rom
To
Mul
tie
lz
3x
3/
Fragi
pan -
A los
ly su
bsurf
ace l
ayer
with
Inche
s (in
)
Centi
meter
s (cm
)
2.54
re
st
ri
ct
ed
pe
rm
ea
bi
li
ty
 
/\
\
\_____/
CHIPPEWA
I '7
    
   
V‘CIHIYV “A,
sun in “nu
  
EXPLANATION
Oil field >50,000 bbls/
Sand and gravel
Shale
<
c
1
<
>
-
F
i
j
Gypsum
. lup. .l . Area favorable for oil and gas field
discoveries
Limestone and dolomite
-L L J- Limestone and dolomite area
JL5_L.
Northnrn limit of brine and salt
— ——- Great Lakes Basin Drainage
Boundary
   
  
0";’
%°S\
"1°.
4* é.’4}€\
s ‘ -9
+ I
.~" + U
‘\ ..'\ -+ 3_
+ eaovcm 4 masque} L5 ' " . l .
/)
“‘
t
.
+.
+:
+
\
Q
‘
3
‘
_
.
.
l i .3 0
\.
- ' 5
T;E
GO
uom
mok
snc
v
ALP
ENA
L
l +
"Q" oscoog 'oscc1:14:0le
W
4
1
yr.
4.
\ + v
$
>
\
¢
¥
I
+
’
V
v
ocmgw
  
   
SAGINAW “V
Figure 8
DISTRIBUTION
OF
MINERAL
OPERATIONS
ACTIVE
IN
1968
AND
MAJOR
MINERAL
RESOURCE
AREAS,
PLANNING
SUBAREA
3.1
27
 
SCALE IN NILES
0 5 [0 l5 1.
 
 Table 6
FLOW CHARACTERISTICS AT SELECTED STATIONS(8)
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 Table 7
GENERAL STRATIGRAPHY AND MAJOR AQUIFER SYSTEMS IN PLANNING SUBAREA 3.1(7)
(Stratigraphy only carried down to lowermost major aquifer)
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Table 8
 
CHEMICAL QUALITY CHARACTERISTICS OF THE MAJOR
AQUIFER SYSTEMS IN PLANNING SUBAREA 3.1(7)
(Numerical ranges represent typical values and do not include
unusually high or low values)
Total
dissolved Temper-
Aquifer lyntcn Hardnala Sulfate Chloride Iron solids ature Remarks
(ms/1) (ms/1) (mg/1) (mg/1) (mg/1) (°F)
Michigan §Upgcr Peninsula)
Quaternary 75-170 10-20 0-15 0-0.1 100-175 44-52
Silurian 250-300 20-550 0-15 0-1 250-650 44-55 Saline water in southern part of
(Burnt Bluff- Mackinac County and where
Bngadine) confined by bedrock.
Cambrian-Ordovician 150-350 30-60 100-300 1 250-700 --- Saline locally.
(Jacobsville-
Trenton)
Michigan sLower Peninsula)
Quaternary 100-300 0-80 0-50 0-1.5 80-400 45-50 Saline locally in east and
southeast area.
Hiaaiaaippian 130-470 3-450 3-300 0.5-2 --- 46-55 Saline in southeast area.
(Mar-hall)
Devonian 150-300 5-80 0-60 0-1 250-370 47 Saline where confined.
(Dundee and Traveroa)
To Convert From To Multiply By
Fahrenheit (°F) Centigrade (°C) °C=5/9(°F-32)
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Vegetation
Zones
and
Wildlife
Habitat
 
The
vegetation
and
wildlife
habitat
are
similar
to
Planning
Subareas
2.1
and
2.4
of
the
Lake
Michigan
basin.
Readers
can
refer
to
these
sections
for details.
Demographic
and
Economic
Characteristics
Population
This
planning
subarea
ranks
last
in
population
among
the
15
planning
subareas
in
the
Great
Lakes
Basin,
with
a
1970
population
just
over
142,000,
about
one-half
percent
of
that
of
the
Basin.
The
rate
of
growth
for
the
prior
three
decades
was
well
below
the
Great
Lakes
Basin
average,
with
10
of
the
11
counties
in
the
planning
subarea
experiencing
some
growth
in
population
during
the
period
1960
to
1970.
This
represents
a population
increase
from
119,007
in
1960
to
a
population
of
142,064
in
1970.
Most
significant
was
Iosco
County
which
grew
from
16,500
to
24,900
between
1960
and
1970.
Total
employment
was
about 45,600.
R
e
s
o
u
r
c
e
U
s
e
a
n
d
D
e
v
e
l
o
p
m
e
n
t
Since
1940,
employment
also
has
increased
less
rapidly
than
in
other
areas
of
the
Great
Lakes
Basin.
Agriculture
in
1970
accounted
for
about
5
per-
cent
of
the
employment.
The
comparable
figure
for
the
entire
Basin
was
less
than
2 percent.
Employment
in
manufacturing,
23
percent
of
total
employment,
was
close
to
the
national
average
of
25
percent
but
well
below
the
Great
Lakes
Basin
figure
of
35
percent.
The
major
industry
group
employers
in
the
manu-
facturing
sector
are
paper,
food,
and
primary
metals.
Mining
accounted
for
2.6
percent
of
the
planning
subarea,
employment
which
was
slightly
more
than
1,100
workers
and
in
absolute
terms
has
remained
fairly
constant
over
the
last
20
years.
The
planning
subarea
agricultural
employment
decreased
84
percent
between
1940
and
1970
from
11,700
to
only
1,900.
The
per
capita
income
should
continue
at
about
80—90
percent
of
the
national
average.
Only
26
percent
of
the
people
in
Planning
Subarea
3.1
were
classified
as
urban
in
1970,
but
a
higher
degree
of
urbanization
can
be
anticipated.
While
the planning
subarea
is
not
considered
a manufacturing
region
in
Michigan,
this
activity
is
locally
significant.
Mineral
resources
in
Alpena
and
Presque
Isle
Counties
make
this
area
a
major
cement
producer.
The
forest
resources
provide
material
for
the
production
of
paper,
cardborad,
plywood,
and
other
wood
products.
Distance
from
centers
of population
tend
to
restrict
likely manu—
facturing
growth
to
industries
directly
related
to
the
nearby
forests
and
mineral
resources,
and
to
manufacture
of
certain
high
value
or
low
bulk
products
which can be
made
profitable,
not withstanding
transportation problems.
The resources of the planning subarea lend themselves directly to
recreation.
Summer
and
winter
recreation
demands
are
met
by
a
great
diversity
of
recreational
facilities.
Summer
and
fall
activities
include
boating,
water
skiing,
swimming,
fishing,
picnicking,
camping,
hunting,
and
other
recrea-
tional
activities.
In
the
winter
snow
skiing
and
snowmobiling
are
probably
the
most
popular
activities;
other
important
winter
activities
include
ice
fishing,
sledding,
tobogganing,
ice
boating,
and
ice
skating.
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Table 9
 
10
POPULATION DATA BY COUNTY( )
Nulber Percent Land
TOTAL POPULAle Urban Urban Area Sq.
Count
y Nam
e
1940
1950
1960
1970
1970
1970
M1. 1
970
ILANNING SUBAREA 3.1
MA
L
94,6
11
101,
512
_1_1_
9,007
142,
064
37,0
52
26.0
6,30
0
Michigan 94,611 101,512 119,007 142,064 37,052 26.0 6,300
Alco
na
5,46
3
5,85
6
6,35
2
7,11
3
-
-
678
Alpena 20,766 22,189 28,556 30,708 13,805 45.0 565
Arena
c
9,233
9,644
9,860
11,14
9
-
—
367
Cheboygan 13,644 13,731 14,550 16,573 5,553 33.5 721
Crawford 3,765 4,151 4,971 6,482 - - 561
Iosco
8,560
10,90
6
16,50
5
24,90
5 1
0,407
41.8
544
Montm
orenc
y
3,840
4,125
4,424
5,247
-
—
555
Ogemaw 8,720 9,345 9,680 11,903 - - 571
Oscoda 2,543 3,134 3,447 4,726 - -— 563
Oteeg
o
5,827
6,435
7,545
10,42
2
3,012
28.9
527
Presque Isle 12,250 11,996 13,117 12,836 4,275 33.3 648
To Convert Fro- '_l.'_o_ lhltiglz )2
Square 1111“ (aq l1) Square Kilo-euro (aq kn) 2.59
Table 10
' ll
AGRICULTURAL LAND USE‘, PLANNING SUBAREA 3.l( )
Current Normal-QT
Crop Aer 2] 2/
eo— lactate.—
Uheat 18.3 7.4
Oats 21.2 8.6
Rye 2.0 0.8
Barley 0.9 0.4
Nile. Small Grains 1.4 0.6
Corn for Grain 11.5 4.7
Corn Silage 18.2 7.4
Soybean 0.6 0.2
Dry 3.0. Beans 12.6 5.1
Sugar Beets 1.3 0.5
Potatoes 4 . 7 1. 9
Fruits 2.9 1.2
00-. Vegetables 1.6 0.6
Com. Sod 0.2 0.1
Alfalfa Hay 113.8 46.1
Clover 6 Timothy Hay 22.5 9.1
Cropland Pasture 46.5 18.8
Idle Cropland 251.9 101.9
Total Cropland 531.2 215.0
Improved Pasture 36.9 14.9
lmprovable Pasture 136.7 55.3
I. Improv. Pasture
Total Pasture 173.6 70.3
um 5.. may 704.3 285.2
Loaa Than 100 Units.
Altotala my not add due to 1‘01de.
yum-cent is in thou-ands of acrea or hectarea.
yearrent nor-:1 repruanta praaant yield anti-tea booed on 1958—1972
aver-3a .
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Table 11
POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS
BY INDUSTRY IN 1970, PLANNING SUBAREA 3.1(11)
 
1970
Population, midyear 142,338-
Per capita income (l967$) 2,733
Per capita income Rel. (U.S.=l.00) .79
Total employment 45,601—
Employment/population ratio .32
Total personal income 389,007—
Total earnings 248,951-
Agriculture, forestry & fisheries 1,214c-
Agriculture -
Forestry and Fisheries —
Mining 41c-
Metal -
Coal -
Crude putroleum & natural gas —
Nonmetallic, except fuels -
Contract construction 16,506—
Manufacturing 74,696—
Food & kindred products -
Textile mill products -
Apparel & other fabric products -
Lumber products & furniture -
Paper and allied products -
Printing and publishing -
Chemicals and allied products -
Petroleum
refining
‘
Primary metals
-
Fabricated metals & ordinance . -
Machinery, excluding electrical -
Electrical machinery & supplies -
Motor vehicles & equipment -
Transportation equip., excl. mtr. vehs -
Other manufacturing -
Trans., comm.
& public utilities
11,285
Wholesale
and
retail
trade
47,521
Finance,
insurance & real estate
5,9993
Services 29,615
Government 48,013
Federal government 5,895
State
and
local
government
38,003
Armed forces 4,115
a—represents 80.0 to 99.9 percent of the true value
c-represents 40.0 to 59.9 percent of the true value
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 PLANNING SUBAREA 3.2
 
This study area is located in the lower Lake Huron drainage basin in
the east central portion of the State of Michigan. Ths planning subarea
consists of 11 counties with a total county or political boundary acreage
of 1,805,545 hectares (4,461,440 acres).
Table 12
LAKE HURON SOUTH PLANNING SUBAREA 3.2(4)
Drainage Area Population 1960 1970
Square Kilometers 20,842 Total 937,570 1,095,493
Square Miles 8,047 Farm 97,403 64,707
Non—Farm 840,161 1,030,792
States
Michigan 100% SMSA'S
Bay City 107,042 117,339
Flint 416,239 496,658
Land Use and Water Area (1970) Saginaw 190,752 219,743
(Acres)
Total Area 4,461,400
Water Area 37,300 Employment 318,478 385,528
Land Area 4,424,100 A ri 1t re
Urban 389,321 g C“ u 2 . . .
Forestry, Fisheries 64 24
Cropland 2,371,318 . . a 0
Mining 14 14
Pasture 185,812 a 0
Manufacturing 434 414
Forest Land 1,194,507 0th r 507 567
Other Land Area 283,142 e ° °
Lake Huron Shoreline Income (1967 dollars)
Kilometers 328.2 Total Personal Income 3,635,253,000
Miles 204.0 Per Capita Income 3,312
To Convert From Ig_ Multiply By
Acres (acre) Hectares (ha) 0.405
Land Resources
Geography and Geomorphology
Planning Subarea 3.2 is characterized by rather flat to rolling
and hilly terrain with elevations ranging from 178 meters (585 feet) to 366
meters (1,200 feet) above sea level.
Glacial features characterize the surface formations of this area.
A glacial lake plain-lies between Flushing and the junction with the
Shiawassee River. It is underlain by shale and some limestone. The main
constituent of the drift is clay, althOugh there is a fairly consistent
gravel bed just above bedrock. From Flushing to the west line of Lapeer
County are deployed moraines with clay as the main constituent. Between the
moraines, till plains, glacial outwash channels and glacial lake beds are
38
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Michigan (continued)
34 Nearly level to moderately steep (0-182 slope), Miami silt loam clay loam loam well 0.6-2.0 0.16—0.18 .37 high
medium teXtu
red. well a
nd somewhat
poorly drain
ed,
medium to slightly acid
soils formed on till
plains and moraines.
Conover loam c
lay loam loam som
ewhat 2.0—0.2 0.16
—0.18 .37 high
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36 Nearly level to mo
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medium to coarse textured, well
‘_
_
drained‘ medium to slightly add 80118 famed on Fox silt 10am ai.c1.loanH 8221,21 well 0.6 2.0 0.12 0.16 .37 medium
outwash
and till
plains a
nd morai
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Spinks loamy sand s
and sand wel
l 2.0—6.30 0.12
-0.10 .17 low
39 Nearly
level to slo
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slope), coar
se to Fox
silt loam
si.c1.loansa
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—2.0 0.12—
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d soils
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'
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43 Nearly
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anic muc
k muc
k muck
very poorly
5.0—20.0 0.
50 .17
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poorly drained, extreme
ly to‘slightly acid
soils formed in depressi
ons in lake, till and
outwash plai
ns and morai
nes.
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PLANNING SUBAREA 3.2 DISTRIBUTION OF MINERAL OPERATIONS ACTIVE IN 1968(1)
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'
 Ground Water
In
the
northwest
part
of
the
area
there
is
considerable
potential
for
development
of
ground
water,
but
in
general
Planning
Subarea
3.2
has
little
potential
for
development
of
large
volumes.
In
many
places
the
glacial
drift
is
thin
and
largely
composed
of
lake
deposits
and
till
plain
deposits-—materials
that
generally
have
low
permeability
and
low well
yields.
The
two
principal
bedrock
aquifers,
the
Grand
River—Saginaw
and
the
Marshall,
locally may
yield
large volumes
of ground water,
but
over
the
aquifer
areas
as
a
whole
the
yields
would
be
moderate.
In addition to the scarcity of large ground water supplies, there
is a definite problem of poor quality water. Saline water is often found at
depths less than 30 meters (100 feet), either in the drift or bedrock. In
general, poor quality water can be expected in the central basin area. Part
of the poor quality probably results from natural migration of saline water
upwards and outwards from the inner and deeper bedrock formations in the
Lake Michigan basin. In other instances, the poor quality results from
leakage through uncased or poorly constructed boringsdrilled for coal, salt,
or brines. In still other areas, the natural balancebetween fresh and salt
water has been distrubed by draining or pumping. Brine, salt, and coal
borings are generally located in the c0unties adjacent to Saginaw Bay. Many
of the walls have since been plugged and the brine leakage reduced.
Ground water management considerations will be needed in the
Midland area where industrial requirements for streamflow have exceeded the
supply and where available lakes and streams for recreation are limited. In
addition, a large nuclear powerplant is planned for the area. Cooling water
would have to be released to a stream. Surface reservoirs to store seasonal
excess streamflow for release to augment deficient flow have been recommended.
The surface reservoirs also could be used for recreation. Other possible
hydrologic solutions could be the use of ground water reservoirs for storage
and subsequent pumpage to augment low streamflow. Ground water storage is
potentially available in glacial drift formations in the northwest portion
of this area.
There were eight active and one standby industrial waste—disposal
wells in Planning Subarea 3.2 as of August 1968. Eight of the wells dispose
their wastes in the saline part of the Marshall Formation and one in the
Devonian (Dundee Formation) system. The wells are located in Gratiot, Midland,
and Bay Counties. Figures l7, l8 and 19 and Tables 15 and 16 describe the
aquifers in the area.
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‘ Range 1: that of typical high-capacity wells.
2 Range in that of all wells.
To Convert From $9_ .Mnltiglz BX
Feet (ft) Meters (m) 0.3048
Gallons (gal) Liters (1) 3.785
Table 16
CHEMICAL QUALITY CHARACTERISTICS OF THE MAJOR AQUIFER
SYSTEMS IN PLANNING SUBAREA 3.2‘
(Numberical ranges represent typical values and do not
include unusually high or low values)
Tot-1
diuaolvnd Temper-
Aquifer system Hardnoll Sulfate Chloride Iron solids ature Remark:
(Is/1) (ms/1) (Is/1) (Ix/1) (ms/l) (°F)
manna
Quaternary 100-550 0-600 0-450 0-11 160-700 46-54 Salina lac-11y.
Pennsylvanian 130-725 15-500 0-630 0-5 200-000 50-55 Saline in central part of are
(Saginaw 11‘] Grad In.) ‘
Hilatulippinn 200-360 10-300 0-650 O-A 250-600 k9-55 Snline in part of area.
Jﬂumdn
To Convert From $9 Multigly By
Fahrenheit (°F) Centigrade (°C) °C=5/9(°F-32)
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Vegetation Zones and Wildlife Habitat
 
The lower
half of
the Lower
Peninsula
has more
homogeneous
habitat
that
anywhere
else
in Michigan.
With
the
exception
of numerous wetlands,
a
mixture
of woods
and
agricultural
lands
predominate.
White—tailed
deer,
waterfowl,
and
small
game are
the
major
wildlife
species.
High
deep popula-
tions
indicate
that
Planning
Subarea
3.2
probably has
a higher
percentage
of
woodland
habitat
than
the
other
southern
Michigan planning
subareas,
where
white-tailed
deer
populations
are
only medium
or
low.
Reversion
of former
agricultural
lands
to
brush
in
the
vicinity
of cities
has
increased
the
pro-
ductivity
of deer
and
other woodland
game
species
in southern Michigan.
Clean farming practices in some areas have been important factors in
the decline
of
the
pheasant
from
its
former
high
populations
levels.
Loss
of
marsh
habitat
is
particularly
important
to
waterfowl
and
furbearers.
Increased
urbanization
has
either
resulted
in outright
destruction
of wet-
lands
or degradation
which
reduces
total
productivity.
Urban
areas
comprise
a significant
portion
of
the
area,
and
their
associated
people
problems
have
seriously
degraded
the
wildlife habitat.
Changes
in forest
succession
are
occurring
here
but
this
problem
is
not
as
great
as
it
is
in
the
more
norther
Michigan planning subareas.
Loss
and
degradation
of
wetland
habitat
around
Saginaw
Bay
is
the
most
critical
people
oriented wildlife
resource
problem.
This area
is
vital
in
the
support
and
protection
of
many
species
of
waterfowl,
shorebirds,
marsh
birds,
and
passerine
birds
which
frequent
the
North
American
Continent.
It
is
also
the
year
round
home
for
numerous
aquatic
and
terrestrial
fur
animals
upland
game,
and
white—tailed
deer.
Inland
marshes
in
state
and
Federal
refuges
and
in
private
holdings
also
provide
important
habitat
for
these
birds and animals.
Michigan
owns
submerged
land
varying
from
marsh
to
the
normal
high
wate
mark,
but
the
extremely
gentle
gradient
of
the
shore
causes
a
large
exposure
during
minor
water
level
lowering
in
dry
years.
The
riparian
shore
owner
can,
under
permit,
cut
and
remove
marsh
vegetation
when
the
water
level
drops.
This
contributes
to
the
decline
in
value
of
marsh
areas.
Other
actions
which
are
causing
a
loss
of
habitat
are
dredging
for
navigation
by
the
U.S.
Army
Corps
of
Engineers
and
others,
marina
construction,
and
filling
for
garbage
disposal
and
spoil
deposition.
Private
actions
such
as
the
construction
of
small
boat
channels,
docks,
and
groins
are
also
a
source
of
more
human
disturbance
of
marsh
areas
which
adversely
affects
wildlife
resources.
Channelization
activity
in
Planning
Subarea
3.2
is
potentially
more
damaging
than
elsewhere
in
Michigan
due
to
the
presence
of
wetlands.
Specie
such
as
the
woodcock
stand
to
be
hurt
the
most
by
channel
and
drainage
acti-
vities
which
dry
out
the
soil
and
eliminate
food
sources
in
wet
woodlands
and
fields.
The
clearing
of
stream
bottoms
will
also
reduce
habitat
for
ruffed grouse.
Demographic
and
Economic
Characteristics
Population
In
1970
the
population
of
the
planning
subarea
was
1.1
million,
eighth
among
the
15
PSA's,
and
employment
was
385,000
or
just
over
4
percent
of
the
Basin
total.
Population
and
employment
trends
have
paralleled
those
in
the
Great
Lakes
Basin
since
1940.
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Resource Use and Development
The industry structure in the planning subarea in 1970 was dominated
by manufacturing, which employed 158,000 workers and accounted for almost
41 percent of the total employment.
The percentage of employment in manu-
facturing in the nation and in the Great Lakes Basin were 25 percent and 35
percent, respectively.
The leading industrial employers were chemicals,
primary metals, automobiles, and food. Agriculture accounted for about 2 1/2
percent of the employment, but agriculture employment declined 78 percent in
the planning subarea between 1940 and 1970, a slightly more rapid decline
than in the nation or in the Basin. Mining employment has been declining
and losing significance in the basin economy.
The increasing importance of the service industries is also evident
in this planning subarea. Agriculture and mining employment will decline,
and the doubling of employment in manufacturing will be less than the propor-
tional growth in the total employment.
The trend toward increased urbaniza—
tion is expected to continue, due in part to the continuing reduction of
   
agriculture employment.
The excellent natural outdoor recreation resources in the planning
subarea, its proximity to the major population centers of Flint, Saginaw, and
Bay City and relatively short distance from Detroit, indicate an increasing
demand for outdoor recreation. The continuous upswing in population, income,
and leisure time, also play an important part in the growing use of these
’
land
and
water
facilities
for
outdoor
recreation.
Tables 17, 18 and 19 describe economic and population characteristics
of the area.
r
Table
17
POPULATION DATA BY COUNTY<10)
Number Percent Land
TOTAL
POPULATION
Urban
'Urban
Area
Sq.
County
Name
1940
1950
1960
1970
1970
1970
H1.
1970
PLANNING suaaxza 3.2
TOTAL
637,616
737,899
937,570
1,095,493
665,761
61.0
6,927
Michigan
637,616
737,899
937,570
1,095,493
665,761
61.0
6,927
Bay
74,981
88,461
107,042
117,339
78,352
66.8
447
Clare
9,163
10,253
11,647
16,695
2,639
15.8
571
Cenesee
227,944
270,963
374,313
445,589
343,671
77.3
642
8168216
9,385
9,451
10,769
13,471
-
4
503
S
Cratiot
32,205
33,429
37,012
39,246
16,640
42.4
566
Huron
.
32,584
33,149
34,006
34,083
2,999
8.8
819
Isabella
25,982
28,964
35,348
44,594
20,504
46.0
572
Lapeer
32,116
35,794
141,926
52,361
6,270
12.0
553
Hidrand
27,094
35,662
51,450
63,769
34,921
54.8
520
Saginaw
130,468
153,515
190,752
219,743
153,262
69.7
814
Tus:ola
35,694
38,258
43,305
48,603
6,503
13.4
315
To
Convert
From
19
Multiply
31
Square
Miles
(sq
mi)
Square
Kilometers
(sq
Inn)
2.59
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Table 18
AGRICULTURAL LAND USE, PLANNING SUBAREA 3.2(11)
Current NormallJ
CroB Acresg/ Hectaresz/
Wheat 238.2 96.4
Oats 88.0 35.6
Rye 5.7 2.3
Barley 3.8 1.5
Misc. Small Grains 0 0
Corn for Grain 273.2 110.6
Corn Silage 89.1 36.1
Soybean 96.2 38.9
Dry E.D. Beans 482.3 195.2
Sugar Beets 69.7 28.2
Potatoes 14.8 6.0
Fruits 11.0 4.5
Comm. Vegetables 9.0 3.6
Comm. Sod 2.5 1.0
Alfalfa Hay 258.1 104.5
Clover & Timothy Hay 46.7 18.9
Cropland Pasture 71.6 29.0
Idle Cropland 610.2 246.9
Total Cropland 2,370.0 959.1
Improved Pasture 31.0 12.5
Improvable Pasture 154.2 62.4
N. Improv. Pasture
Total Pasture 185.2 74.9
Total Ag. Landéj 2,555.2 1,034.1
1/
-— Current normal represents present yield estimate based on 1958—1972 ave
-/Measurement is in thousands of acres or hectares.
3/
-— Totals may not add due to rounding.
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 Table 19
POPULATION,
EMPLOYMENT, PERSONAL INCOME, AND EARNINGS
BY INDUSTRY IN 1970, PLANNING SUBAREA 3.2 (11)
Item
1970
Population, midyear
1,097,539
Per capita income (1967$) 3,312
Per capita income Rel. (U.S.=l.00) .95
Total
employment
385,528
Employment/population
ratio
.35
Total personal
income
3,635,253
Total earnings
2,968,696
Agriculture,
forestry & fisheries
65,930a
Agriculture
-
Forestry
and
Fisheries
-
Mining 6,163b
Metal
-
Coal
—
Crude
petroleum
&
natural
gas
'
Nonmetallic,
except
fuels
‘
Contract
construction
145,151
Manufacturing
1,459,164
Food
&
kindred
products
‘
Textile
mill
products
‘
Apparel
&
other
fabric
products
‘
Lumber
products
&
furniture
‘
Paper
and
allied
products
'
Printing
and
publishing
‘
Chemicals
and
allied
products
_
Petroleum
refining
_
Primary
metals
_
Fabricated
metals
&
ordinance
'
Machinery,
excluding
electrical
'
rage.
Electrical
machinery
&
supplies
_
Motor
vehicles
&
equipment
7
Transportation
equip.,
excl.
mtr.
vehs
_
Other
manufacturing
—
Trans.,
comm.
&
public
utilities
124,331
Wholesale
and
retail
trade
428,229
Finance,
insurance
&
real
estate
64,2013
Services
302,292
Government
371,222
Federal government
31,972
State
and
local
government
305,658
Armed
forces
33,590
a-represents
80.0
to
99.9
percent
of
the
true
value
b-represents
60.0
to
79.9
percent
of
the
true
value
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 MAJOR LAND USES
INTRODUCTION
In 1972 the governments of Canada and the United States upon signing
the Great Lakes water Quality Agreement requested that the International
Joint Commission (IJC) investigate pollution of the boundary waters of the
Great Lakes system from agriculture, forestry and other land use activities.
In 1973 the IJC charged its Reference Group on Great Lakes Pollution from
Land Use Activities with the responsibility of obtaining a land use inven-
tory
of t
he G
reat
Lake
s Ba
sin.
The
Envi
ronm
enta
l Pr
otec
tion
Agen
cy c
on-
tracted with Purdue University/Laboratory for Applications of Remote
Sensing (LARS) to prepare for the Reference Group a current land use
inventory of the 34,000,000 hectares (84,000,000 acres) included within
the U.S. portion of the Great Lakes Basin. The results of this inventory
will be used to determine the contribution to the pollution of the Great
Lakes from land use activities.
This report contains the inventory information collected by county
for the Lake Huron basin. A detailed discussion of the procedures used to
obtain these results are contained in Volume I - Great Lakes Basin Report.
Approach
LANDSAT multispectral scanner data, collected from the 1972 and 1973
growing seasons were used as the prime data source for analysis. These
LANDSAT MSS data were analyzed by computer-implemented pattern recognition
techniques to produce spectrally separable classes which were then related
to the land use categories listed in Table 20.
Results
Results of the land use inventory are reported in two forms: geomet-
rically correct color-coded maps and statistical tables. Individual geo-
metrically correct county maps were produced with each of the Level I land
use categories represented by a designated color. Statistical tables of
each county were compiled which include both primary and secondary levels
of land use with each category reportedas 1) percentage of the county
area, 2) the number of hectares and 3) the number of acres present in each
county.
  
Table 20
LAND
USE
CATEGORIES
CLASSIFIED
L
e
ve
l
I
L
e
ve
l
II
Urban
Residential
Commercial/Industrial
Agriculture
Row
Crops
Close Grown Crops
Pasture and Meadows
Forest
Forest
. 1/
No
Major
Usage—
water
Wetlands
 
l/The
residual
inland
area
not
devoted
to
urban,
agricultural
or
forest
u:
LAND
USE
INVENTORY
PROCEDURES
Data
The
LANDSAT
data
used
for
the
Lake
Huron
basin
study
are
listed
by
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
i
n
T
a
b
l
e
21.
In
addition
to
LANDSAT
data,
aerial
photography
was
collected
for
use
as
underflight
reference
data.
This
consisted
of
70mm
color
and
color
i
n
f
r
a
r
e
d
p
h
o
t
o
g
r
a
p
h
y,
taken
at
a
p
p
r
o
x
i
m
a
t
e
l
y
3
,
0
0
0
m
e
t
e
r
s
a
l
t
i
t
u
d
e
d
ur
i
n
g
August
1973
and
June
1974.
Coverage
by
aerial
photography
represents
a
p
p
r
o
x
i
m
a
t
e
l
y
4
p
e
r
c
e
n
t
of
the
total
a
r
e
a
of
the
G
r
e
a
t
L
a
k
e
s
Basin.
F
i
g
-
ur
e
19
i
n
d
i
c
a
t
e
s
the
l
o
c
a
t
i
o
n
s
of
the
u
n
d
e
r
f
l
i
g
h
t
d
a
t
a
c
o
l
l
e
c
t
e
d
for
the
Lake
Huron
basin.
These
flight
lines
were
chosen
because
they
represent
the
m
a
j
o
r
i
t
y
of
the
l
a
n
d
us
e
c
l
a
s
s
e
s
f
o
un
d
t
h
r
o
u
g
h
o
u
t
the
p
l
a
n
area.
It
should
be
observed
that
the
underflight
reference
data
were
not
collected
c
o
n
c
u
r
r
e
n
t
w
i
t
h
a
n
y
s
a
t
e
l
l
i
t
e
o
v
e
r
p
a
s
s
.
'
Other
reference
data
include:
(1)
C
o
u
n
t
y
h
i
g
h
w
a
y
m
a
p
s
(2)
1
:
2
4
,
0
0
0
U
n
i
t
e
d
S
t
a
t
e
s
G
e
o
l
o
g
i
c
a
l
S
u
r
v
e
y
t
o
p
o
g
r
a
p
h
i
c
m
a
p
s
(3)
1
:
2
5
0
,
0
0
0
U
n
i
t
e
d
S
t
a
t
e
s
G
e
o
l
o
g
i
c
a
l
S
ur
ve
y
t
o
p
o
g
r
a
p
h
i
c
m
a
p
s
(4)
C
o
u
n
t
y
s
o
i
l
s
u
r
v
e
y
s
(5) City maps
(6)
1
9
6
7
C
o
n
s
e
r
v
a
t
i
o
n
N
e
e
d
s
I
n
v
e
n
t
o
r
y
(
U
S
D
A
/
S
C
S
)
(7)
1972,
1973
r
e
p
o
r
t
s
of
the
S
t
a
t
i
s
t
i
c
a
l
R
e
p
o
r
t
i
n
g
S
e
r
v
i
c
e
(US
58
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Table 21
LANDSAT DATA UTILIZED IN THE LAKE HURON BASIN
Scene ID Date
Planning Subarea 3.1
Michigan
Alcona No Data
Alpena No Data
Arenac 1320—15523 6/8/73
Cheboygan 1321—15575 6/9/73
Crawford 1321-15581 6/9/73
Iosco 1320-15523 6/8/73
Montmorency No Data
Ogemaw No Data
Oscoda No Data
Otsego 1321-15581 6/9/73
Pre5que Isle No Data
Planning Subarea 3.2
Michigan
Bay 1320-15523 6/8/73
Clare 1321-15581 6/9/73
Genesee 1320-15525 6/8/73
Gladwin 1320-15525 6/8/73
Gratiot 1320-15525 6/8/73
Huron 1320-15525 6/8/73
Isabella 1321-15584 6/9/73
Lapeer 1319-15411 6/7/73
Midland 1320—15525 6/8/73
Saginaw 1320-15525 6/8/73
Tuscola 1320-15525 6/8/73
 
Analysis
Since the results of this project were to be presented at the county
level, this dictated that several rather small analysis tasks be performed
as opposed to a few taskscovering large areas. In order to standardize
the analysis procedures, a comprehensive procedures document was prepared.
This document was concerned with the areas of data preprocessing, analysis
and results and is summarized in Volume I - Great Lakes Basin Report.
Prior to analysis the 191 counties were divided into two categories:
(a) those having underflight reference data available and (b) those having
no underflight reference data. Those counties which had sufficient under-
flight data were analyzed and classified from statistics generated within
the county. The statistics were prepared utilizing the underflight data
and other available reference data to obtain informational classes from
the spectral classes. Counties which did not have underflight data were
59
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clas
sifi
ed u
sing
the
stat
isti
cs g
ener
ated
from
an a
djoi
ning
or n
eare
st
neig
hbor
coun
ty.
This
proc
edur
e as
sume
d th
at t
rain
ing
stat
isti
cs g
en-
era
ted
in
one
cou
nty
cou
ld
be
ext
end
ed
ove
r a
dis
tan
ce
of
90
to
100
kilo
mete
rs
(50-
60 m
i).
Howe
ver,
it w
as s
tipu
late
d th
at t
he s
tati
stic
s
cou
ld
not
be
ext
end
ed
to
are
as
out
sid
e t
he
fra
me
of
LAN
DSA
T d
ata
fro
m
whi
ch
the
y w
ere
gen
era
ted
.
Tab
le
22
lis
ts
the
cou
nti
es
in
the
Lak
e H
uro
n
bas
in
and
the
cou
nti
es
and
/or
cou
nty
fro
m w
hic
h t
he
tra
ini
ng
sta
tis
tic
s
were generated.
Table 22
TRAINING STATISTICS EXTENSION FOR LAKE HURON
County Statistics
Derived From
Planning Subarea 3.1
Michigan
Alcona No Data
Alpena No Data
Arenac Arenac
Cheboygan Cheboygan
Cra
wfo
rd
Cra
wfo
rd,
Ros
com
mon
Iosco Arenac
Montmorency No Data
Ogemaw No Data
Oscoda No Data
Otsego Otsego
Presque Isle No Data
Planning Subarea 3.2
Michigan
Bay Saginaw
Clare Clare
Genesee Genesee
Gl
ad
wi
n
Gl
ad
wi
n
Gratiot Gratiot
Huron Huron
Isabella Montcalm
La
pe
er
Oa
kl
an
d
Midland Gladwin
Saginaw Saginaw
Tuscola Saginaw
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 Classification Categories
Table 23 lists the categories which could be routinely identified a
inventoried taking into consideration the variability in dates of data
collection
and
the
limited amount
of underflight
reference
data
availab]
Table 23
FINAL
LAND
USE
CLASSIFICATION
CATEGORIES
 
Level I Level II
Urban
Residential
Commercial/Industrial
Agricultural
Row Crops
Close Grown Crops
Pasture
Forest
1/ Forest
No Major Use—
Water
Wetland
l/The residual inland area not devoted to urban, agricultural or forest
Throughout
the
project
the
urban
land
use
category was
generally
classified into two Level II classes,
i.e., residential and commercial/
industrial.
Level
II
transportation
and
extractive
classes as
well
as
t
Level
III
residential
and commercial/industrial
classes
were
not
include
in
the
inventory
because
they
could not
be
routinely
identified due
to
insufficient underflight
reference
data.
However,
this
is not
to
imply
that
transportation
routes,
extractive
areas,
and a division
of resident
and
commercial/industrial areas
cannot
be
identified.
With
sufficient
a
appropriate
reference
data
these
categories
can be
readily
identified.
In
some
counties
only
the
Level
I urban
category was
classified wit
no
distinction
being
made
between
the
residential
and
commercial/industr
categories.
The
Level
II
results
of
these
counties
are
reported
only as
residential.
In
a
few
predominantly
rural
counties
insufficient
under-
flight
reference
data
were
available
to
train
the
computer
properly
to
identify
any
urban
class.
In
these
instances
only
the
remaining
classes
of
agriculture,
forestry
and
no
major
use
were
classified.
However,
the
tabulation
of
statistics
includesan
urban/residential
category.
The
urban
statistics
used
in
these
tables were
taken
from the
appro
priate
1967
Conservation
Needs
Inventory.
The
areas
included
in
these
artificial
classes
were
subtracted
from
the
forest
area
of
the
respectiv
62
 
and
Le.
use.
ial
nd
ial
counties. This is justifiable since most small towns are spectrally simi-
lar to forest areas.
The maps of these counties do not include an urban
category.
The agriculture category was generally classified into two Level II
classes, i.e., bare soil and pasture/meadow/close grown crops. A proce-
dure was developed which allowed the analysts to relate the areas classi-
fied as bare soil to row crops planted. This procedure was based on a
study conducted in 1974 on data from Boone County, located in central
Indiana.
In this study the amount of bare soil in Boone County was inven-
toried using June 1973 LANDSAT data. That area classified as bare soil
was used as an estimate of the area of row crop that would be planted that
year. This figure was compared to the area of row crop grown in Boone
County in 1973 as determined by the United States Department of Agricul—
ture/Statistical Reporting Service (USDA/SR5). The LARS estimated figure
was comparable to the USDA/SR3 figure, yielding an estimate approximately
2% greater than that reported by SRS. Thus, since the majority of the
LANDSAT data were collected in June of 1972 and 1973, bare soil was used
as an indicator of row crops. Areas covered by LANDSAT data collected
later in the growing season allowed for direct classification of row crops.
Generally with all the LANDSAT data, pasture/meadow was not spectrally
separable from close grown crops. In this situation a pasture/meadow/close
grown crops category was classified. These classes were artificially
separated into the pasture/meadow and close grown crops classes. This
artificial separation of classes was performed by subtracting the area of
close grown crops (wheat, oats, and barley) as reported by the USDA/SR8
from the total area of pasture/meadow/close grown crops determined for
each respective county for the appropriate cropping year. The remaining
area was tabulated as pasture/meadow.
It was determined that orchards and vineyards were not spectrally
separable in the majority of cases because sufficient underflight refer-
ence data were not available for adequate training of the computer. Thus,
this class was deleted. The orchards and vineyards were included in those
classes most spectrally similar, i.e., forest and pasture/meadow/close
grown crops.
Forest cover was usually classified into Level II classes such as
coniferous, deciduous, and sparse forest. However, these classes were
aggregated to yield only a Level I forest class.
In the no major usage category only water and wetland were catego-
rized. Insufficient underflight reference data precluded the routine
classification of barren land.
Specific Problems
One major problem occurred in the Lake Huron basin. There were six
counties for which no suitable LANDSAT data could be obtained. Data
63
 
  
collected
at
the
appropriate
dates
for
analysis
of
land
use
were
either
of
insufficient
quality
or
contained
such
a
large
percentage
of
clouds
to
render
the
data
useless.
These
counties,
all
located
in
Planning
Sub
area
3.1,
are
as
follows:
Alcona,
Alpena,
Montmorency,
Ogemaw,
Oscoda
and Presque Isle.
Acreage
estimates
for
these
counties
were
determined
by
the
followi1
method:
1)
The
row
crop
and
close
grown
crop
acreages
were
determined
by
tabulation
of
all
row
crops
and
close
grown
crops
reported
in
the
June
1974
Michigan
Agricultural
Statistics
which
were
compiled
by
the
Michigan
Crop
Reporting
Service.
2)
water
acreage
was
determined
from
the
Memorandum
to
Plan
and
Program
Formulation
Committee
concerning
Great
Lakes
Basin
Framework
Study
dated
October
24,
1964.
The
memorandum
contained
tabulations
of
water
areas
of
both
over
and
under
40
acres.
3)
Urban
lands
were
determined
by
using
the
figures
from
the
1968
Michigan
Conservation
Needs
Inventory
under
the
heading
of
urban
and
built-up
areas.
No
attempt
was
made
to
estimate
growth
from
1967
to the present time.
4)
Pasture
and
meadows
acreage
was
determined
from
the
1968
Michiga
Conservation
Needs
Inventory
using
the
figures
provided
in
tables
2
and
3
under
the
headings
of
pasture,
rotation
hay
and
pasture,
and
hayland.
5)
The
determination
of
forest
lands
was
made
by
summing
the
areas
of
the
urban,
agriculture
and
water
acreages
and
subtracting
from
th
total
county
area.
This
method
was
thought
to
be
more
suitable
than
using
the
forest
acreage
given
in
the
Conservation
Needs
Inventory
because
it
would
include
the
areas
of
federally
owned
non-cropland
in the forest class.
V The
results
of
these
counties
were
compared
with
surrounding
countie
to
assure
that
they
were
consistent
with
other
counties
of
similar
compo-
s
i
t
i
o
n
.
B
e
c
a
u
s
e
o
f
t
h
e
m
e
t
h
o
d
u
s
e
d
h
e
r
e
,
it
is
i
m
p
o
s
s
i
b
l
e
to
p
r
o
d
u
c
e
m
a
p
o
ut
p
ut
for
these
c
o
un
t
i
e
s
a
l
t
h
o
ug
h
t
a
b
ul
a
r
data
are
provided.
The
data
set
generated
for
Huron
County,
Michigan
did
not
cover
the
e
n
t
i
r
e
c
o
un
t
y
area.
This
c
o
un
t
y
wa
s
located
at
the
e
d
g
e
o
f
a
L
A
N
D
S
A
T
frame,
a
n
d
the
e
n
t
i
r
e
c
o
un
t
y
was
not
i
n
c
l
ud
e
d
in
the
o
r
i
g
i
n
a
l
data.
Sinc4
this
m
i
s
s
i
n
g
a
r
e
a
i
n
c
l
ud
e
d
o
n
l
y
a
few
square
miles,
it
wa
s
d
e
c
i
d
e
d
n
o
t
to
produce
an
additional
data
set
to
cover
this
area.
The
land
use
statistic
for
H
u
r
o
n
C
o
u
n
t
y
,
M
i
c
h
i
g
a
n
a
r
e
r
e
p
o
r
t
e
d
u
s
i
n
g
t
h
e
t
o
t
a
l
c
o
u
n
t
y
a
c
r
e
a
g
e
.
T
h
e
l
a
n
d
u
s
e
d
i
s
t
r
i
b
u
t
i
o
n
b
a
s
e
d
o
n
the
m
a
j
o
r
p
o
r
t
i
o
n
o
f
t
h
e
c
o
u
n
t
y
w
a
s
e
x
p
a
n
d
e
d
to
i
n
c
l
u
d
e
t
h
e
m
i
s
s
i
n
g
area.
1g
H
)
Some minor problems occurred in the Lake Huron basin.
Portions of
the LANDSAT data contained a few lines of poor quality data which were
generally classified as either agriculture or water.
Also, a small
number of clouds and cloud shadows was present in some of the LANDSAT
scenes.
Occasionally the cloud shadows were classified as water.
How-
ever, contribution from the poor quality data, clouds, and cloud shadows
to the total county figures is relatively small.
Also, the total percentage of water for Huron County, Michigan is
slightly higher than actual percentage because of water around the islands
being included as part of the data set.
Areas classified as clouds and cloud shadows were assumed to contain
the same distribution of land use as the other portions of each individual
county. Land use was estimated by multiplying the acreage classified as
clouds and cloud shadows by relative percentage obtained for each respec-
tive land use Class in the remainder of the county. These estimates were
then added to each respective land use class to produce the county totals.
RESULTS
Results of this project are represented in statistical tables which
list the land use categories in Table 23 for each individual county by
acreage, hectares, and percentage of county. These area statistics have
been rounded off to the nearest 4-hectare (lO-acre) unit. Additional
tables show the aggregation of these results of state, planning subarea,
and plan area totals. Some minor differences may exist in the data due to
the rounding off of figures at various points of aggregation.
In addition to the tabular statistics, individual color-coded county
maps have been prepared at an approximate scale of l:215,000. These maps
show the Level I categories listed in Table 23 and are color coded as
shown in Table 24.
Table 24
COLOR CODE FOR COUNTY MAPS
 
Color Level I Category
Red Urban
Yellow Agriculture
Green Forest
Blue No Major Use
Black Cloud Shadow
White Clouds
 These maps were prepared by converting the LARS digital classifica-
tion computer tapes into a format compatible with a laser digital printe
located at Mead Technology Laboratory, Dayton, Ohio.
With a digital
laser printer Mead Technology Laboratory provided color Separations of
each map.
These color separations were used to prepare the printing pla
for the county maps.
The area included in this land use inventory is defined by the Grea
Lakes Region (political) boundary (Figure 21).
However, at the request
of the U.S./Environmenta1 Protection Agency land use within Planning
Subareas 1.1 and 2.2 was also determined for the Great Lakes Basin (hydr
logic) boundary of the subareas as well as the Region boundary.
This wa
accomplished by approximating the hydrologic boundary within each county
by line and column coordinates at the *PRINTRESULTS stage and requesting
that new tabular statistics be generated utilizing only the area contain
within those boundaries.
County maps on a hydrologic boundary basis wer
not prepared.
Figure 21 also shows the relationship of the Plan Areas to the enti
Great Lakes Region. The major land uses for Lake Huron basin and the
Great Lakes Region are shown in Table 25.
Figure 22 is a more detailed
map
of
the
Lake
Huron
basin,
Plan Area
3.0.
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 Planning Subarea 3.1
 
Figure 23 shows the counties contained in Planning Subarea 3.1.
The
major land uses in Planning Subarea 3.1 presented by county for the Great
Lakes Region boundary are shown in Table 26.
Table 27 presents the major
land uses for Planning Subarea 3.1 (by state) for the Great Lakes Region.
The land use tabulations presented in these tables were derived by
LARS using 1974 state-of-the-art LANDSAT analyses technology.
The
areas shown may not match those in other tabulations of land use
information due to differences in procedures used, land use category
definitions, or the date of inventory.
The county boundaries and the area classified may not exactly agree
since the area chosen as the county in the LANDSAT data could only be
approximated. The approximated county boundaries were located using
visible features within the LANDSAT data such as streams, lakes, cities,
major highways, etc.
In a few predominantly rural counties, insufficient reference data
were available to train the computer properly to identify an urban class.
Maps of these counties do not reflect an Urban (red) category but contain
only the following categories: Agriculture (yellow), Forestry (green)
No Major Use (blue), and perhaps Clouds (white) and Cloud Shadow (black).
This land use inventory was prepared using spectral data; placement
of separable spectral classes into informational classes sometimes resulted
in the combination of urban and rural features into a single category. As
a result some maps reflect large amounts of the Urban (red) category
scattered throughout the county.
These areas represent data points which
have similar reflectance characteristics and are spectrally inseparable.
They generally include urban areas, light colored and sandy soils without
surface cover, and farmsteads.
This must be considered when using the
Land Use tables as the area estimated for the urban category may be high.
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 COLOR COUNTY LAND USE MAPS
 
County maps for Planning Subarea 3.1 are not included in this volume
due to technical difficulties incurred in the mapping processes.
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Table 26
Percent
MAJOR LAND USES IN PLANNING SUBAREA 3.1 BY COUNTY - GREAT LAKES REGION
Acres
Hectares
Percent
 
Alcona County, Michigan
4
4
4
1
6
0
179820
Cheboygan County, Michigan
510720
206760
Urban-Comuwrcisl-Industrial
Residential
Commercial
Agriculture
Row Crop
Close
Grown Crop
Pasture
Forest
No
Major
Use
Water
Wetland
154
20
90250
327200
11290
154
20
1300
500
88450
11290
6240
6240
36530
520
200
35800
132460
4570
4570
73.7
2
.
5
Urban-Comnmrcia1-Industrisl
Residential
Cmmnercial
Agriculture
Row Crop
Close Crown Crop
Pasture
Forest
No
Major
Use
Water
Wetland
2670
41870
408230
57950
2670
41870
57
95
0
1080
16950
165270
23460
1080
16950
23460
8.2
 
Alpena County, Michigan
377600
152870
Crawford County, Michigan
362240
146650
Urban-Commercia1-Industrial
Residential
Commercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Forest
No Major Use
Water
Wetland
16560
79400
264890
16750
165
60
4700
9120
65580
16750
6700
6700
32140
1900
3690
26550
107240
6780
6780
Urban-Commercial-Industria1
Residential
Commercial
AgriCulture
Row Crop
Close Crown Crop
Pasture
Forest
No
Major
Use
Water
Wetland
16960
19480
321960
3840
14410
2
5
5
0
19480
3840
68
60
7880
130340
1550
58
30
1030
7880
1550
5.4
8
8
.
9
1.1
Arenac CountyI Michigan
236160
95610
Iosco County, Michigan
360320
145870
 
Urban-Connnrcisl-Industria1
Residential
Commercial
Agriculture
Row Crop
Close
Grown
Crop
Pasture
Forest
No
Major
Use
Water
Wetland
 
1060
131180
‘98100
5820
10
60
88290
7080
35810
58
20
 
420
420
53100
35740
2860
14490
39710
2350
2350
 
0.4
55.5
Urban-Commercial-Industrial
Residential
Commercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Forest
No Major Use
Water
Wetland
   
27770
97490
214830
20230
27770
15480
2600
79410
20230
 
11240
39460
86970
8190
11240
62
60
1050
32140
81
90
 
7
.
7
  
7
8
Table 26 Cont .
Acr
es
Hectares
Percent
Acres
Hectares
 
Percent
 
Montmorency County, Michigan
 
362890
146910
Otsego County, Michigan
344360
139410
Urban-Commercial-Industrial
Residential
Commercial
Agriculture
Row Crop
Close Grown Crop
Pasture
Forest
No Major Use
Wat
er
Wetland
10600
30420
313590
82
80
106
00
14
00
2560
26460
8280
4290
12310
126950
3350
4290
56
0
1030
10710
3350
2
.
9
8.4
86
.4
2.3
 
179
60
Urban-Commercial-Induatrial
Residential
Commercial
Agriculture
54830
Row Crop
Close Grown Crop
Pasture
265360
6210
Forest
No Major Uae
Water
Wetland
17960
6280
850
47700
5550
660
7270
22190
107430
2510
7270
2540
340
193
10
2240
260
5.2
15.9
7
7
.
1
1.8
5.2
~
o
'
Ogemaw County, Michigan
371200
150280
Presque Isle County, Michigan 433910
175670
Urban-CommerciaI-Industrial
Residential
Commercial
Agriculture
Row Crop
Cloae Grown Crop
Pasture
Forest
No Major Use
Water
Wetland
13180
71280
278690
8050
13180
8200
4820
58260
8
0
5
0
53
30
28850
112820
3250
5330
3310
1950
23580
3250
3.6
19
.2
7
5
.
1
2.2
Urban-Commercia1-Industria1
17830
Residential
Commercial
Agriculture
73300
Row Crop
Close
Crown Crop
Pasture
321800
20980
Forest
No Major Use
Water
Wet
lan
d
 
17830
1500
6230
65570
20980
 
7210
29670
130280
84
90
7210
600
2520
26540
8490
 
4.1
16.9
Oscoda County, Michigan
363520
147170
Urban-Commercial-Industrial
Residential
Commercial
Agriculture
Row Crop
Clone Crown Crop
Pasture
Forest
No Major Use
Water
Wetl
and
  
7040
25010
326900
4570
7040
900
300
23810
4570
 
2850
10120
132340
1850
2850
360
120
96
30
1850
 
1.9
6.9
8
9
.
9
1.3
  
 
Table 27
MAJOR LAND USES, PLANNING SUBAREA 3.1, GREAT LAKES REGION
  
Urban-Comnnrcia1-Industria1
Agriculture
Forest
No Ma or Use
Resi-
Connnr-
Row
Close
8 bt t 1
S bt t
5 hr
1
dential
cial
u
o 3
Crop
Grown
Pasture
u
o .1
Water
Wetland
u
eta
County
Acres
Acres
Acres Hectares
2
Acres
Acres
Acres
Acres Hectares
Z
Acres
Hectares
Z
Acres
Acres
Acres
Hectares
Z
   
Michigan
Alcona
15420
15420
6240
3.5
1300
500
88450
90250
36530 20.3
327200
132460 73.7
11290
11290
4570
2.5
Alpena
16560
16560
6700
4.4
4700
9120
65580
79400
32140 21.0
264890
107240 70.2
16750
16750
6780
4.4
Arenac
1060
1060
420
0.4
88290
7080
35810
131180
53100
55.5
98100
39710 41.5
5820
5820
2350
2.5
Cheboygan
2670
2670
1080
0.5
41870
41870
16950
8.2
408230
165270 79.9
57950
57950
23460 11.3
I
I
I
I
i
I
I
I
Crawford
14410
2550
16960
6860
4.7
19480
19480
7880
5.4
321960
130340
88.9
3840
:
3840
1550
1.1
97490
39460 27.1
214830
86970 59.6
20230
I 20230
8190
5.6
Iosco
27770
27770
11240
7.7
15480
2600
79410
7
9
10600
4290
2.9
1400
2560
26460
30420
12310
8.4
313590
126950 86.4
8280
8280
3350
2.3
Montmorency 10600
Ogemaw
13180
13180
5330
3.6
8200
4820
58260
71280
28850 19.2
278690
112820 75.1
8050
I
8050
3250
2.2
Oscoda
7040
7040
2850
1.9
900
300
23810 . 25010
10120
6.9
326900
132340 89.9
4570
4570
1850
1.3
OCSego
17960
17960
7270
5.2
6280
850
47700
I
I
54830
22190 15.9
265360
107430 77.1
5550
660 i 6210
2510
1.8
I
20980
8490
4.8
1
714510
289270 17.1 3141550
1271880 75.4
|163970
66380
3.9
I
I
 
State
Total
:147050
59530
3.5
Subarea
|
Total
I 147050
59530
3.5
163970
66380
3.9
   
I
I
Presque Isle 17830
I 17830
7210
4.1
1500
6230
65570 I 73300
29670 16.9
321800
130280 74.2
20980
I
J
I
I
714510 289270 17.1 3141550 1271880 75.4
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s a
nd
the
are
a c
las
sif
ied
may
not
exa
ctl
y a
gre
e
sin
ce
the
are
a c
hos
en
as
the
cou
nty
in
the
LAN
DSA
T d
ata
cou
ld
onl
y b
e
appr
oxim
ated
.
The
appr
oxim
ated
coun
ty b
ound
arie
s we
re l
ocat
ed u
sing
visi
ble
feat
ures
with
in t
he L
ANDS
AT d
ata
such
as s
trea
ms,
lake
s,
citi
es,
major highways, etc.
In a few predominantly rural counties, insufficient reference data
were available to train the computer properly to identify an urban class
Maps of these counties do not reflect an Urban (red) category but contaﬂ
only the following categories: Agriculture (yellow), Forestry (green),
No Major Use (blue), and perhaps Clouds (white) and Cloud Shadow (black)
This land use inventory wasprepared using spectral data; placement
of separable spectral classes into informational classes sometimes
resulted in the combination of urban and rural features into a single
category. As a result some maps reflect large amounts of the Urban (red
points which have similar reflectance characteristics and are spectrally
inseparable. They generally include urban areas, light colored and sand
soils with surface cover, and farmsteads. This must be considered when
using the Land Use tables as the area estimated for the urban category
may be high.
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County maps for Planning Subarea 3.2 are not included in this volume
due to technical difficulties incurred in the mapping processes.
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SPECIALIZED
LAND
USES
LAKE HURON BASIN — CATEGORIES
 
Eight
specialized
land
use
categories
are
explored
in
this
study.
They
are
as
follows:
(1) liquid
waste disposal
areas,
(2)
solid waste
disposal
areas,
(3)
dredge
spoil
disposal,
(4)
deep—well
disposal,
(5)
lakeshore
and
riverbank erosion,
(6)
intensive
livestock operations,
(7)
high density,
nonsewered
residential areas
and
(8)
recreational
lands.
These eight categories cover the more significant nonpoint sources
of pollution affecting the water quality of the Great Lakes.
Disposal Operations
Four disposal operations have beenidentified in this section. They
are liquid waste, solid waste, dredge spoil, and deep-well disposal.
Liquid waste disposal is defined here to be the application of waste—
waters on land.
Contamination of nearshore lake waters from solid waste disposal
sites will result from indirect processes. The carriers of contamination
will be water or air. Additional problems can result from open pumps
from odor, flies, and rodents. Dredging is defined as the process of
removing bottom materials from underwater and their subsequent disposal.
Dredge spoil disposal sites in nearshore areas are presently under~
going changes in disposal methods to attempt to limit the impact of
dredge spoil on adjacent waters.
This lake basin has a large number of deep—well sites. Several
ground water and surface water contamination problems resulting from
deep—well diSposal have occurred throughout the past few years, due to
the presence of many unplotted and abandoned wells and testholes that
have been drilled into formations containing salty water, and due to the
highly corrosive nature of some of the wastes that are injected.
The Lake Huron basin contains a total of 113 liquid waste disposal .
operations. Sixty—five percent are located in the more populous industrial-
ized southern section of this basin. Pollution problems associated with
existing municipal and industrial land treatment systems have beendiffi-
cult to determine since few have been rigidly monitored. The State of
Michigan has moved into this area however, and there is now an elaborate
set of guidelines for monitoring ground water at the disposal site.
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Liquid Waste Disposal
 
Land disposal of liquid waste has been used for some time as an
alternative method of depositing municipal and industrial effluents.
This is accomplished by using soils to filter the wastewaters and sludges
applied to it.
Table 30
LIQUID WASTE DISPOSAL 1973(1)
A
Type of Discharge
No. of Spray Septic Tank Surface of
Operations Municipal Industrial Lagoon Irrigation Tile Filed Ground
Lake Huron
basin
113
12
101
49
1
39
23
PSA 3.1
41
5
36
18
—
15
8
PSA 3.2
72
7
65
31
1
26
15
Depending
on
the
composition
of
wastes,
site
characteristics,
and
other
factors,
land
application
methods
may
differ.
The
four
primary
types
of
liquid
waste
disposal
utilize
either
lagoon
storage,
spray
irri-
gation,
septic
tank
tile
fields,
or
direct
application
to
the
surface
of
ground.
All
four
types
of
discharge
require
soils
with
at
least
moderate
permeability.
Lagooning
of
wastes
is
usually
employed
where
large
volumes
must
be
disposed
of
and
has
the
limitation
that
during
the
storage
of
wastes
in
lagoons,
odors
and
other
nuisances
can
result.
Spray
irrigation
can
be
used
in
conjunction
with
agricultural
or
silvicultural
operations
and
in
this
connection
provides
crop
nutrients.
Where
there
are
moderate
amounts
of
waste
to
be
discharged,
septic
tanks
in
conjunction
with
tile
f
i
e
l
d
s
a
r
e
m
o
s
t
o
f
t
e
n
u
t
i
l
i
z
e
d
.
Impacts
on
water
quality
will
vary
according
to
site
character—
Potential
pollutants
are
organic
compounds,
heavy
metals,
nitrogen
(organic
and
ammonium),
phosphorus,
inorganic
ions,
suspended
solids,
and
pathogens.
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Many
conditions,
including
climate,
geology,
hydrology,
and
soils, are involved
in establishing efficient landfill sites.
The Lake
Huron shoreline is generally impermeable and acts as a natural barrier
to the direct inflow of contaminated ground water from solid waste
disposal
sites.
The climate of the basin is also of importance, as
rainfall provides water for percolation into landfills and subsequent
surface runoff or infiltration into the ground water regime. Due to the
amount of precipitation, leachate production is very likely. Leachates
are produced by water infiltrating and percolating through the landfill
and into the ground water supplies; or produced from saturation by high
ground water tables that come into contact with the buried refuse. The
types of pollutants that may arise are directly related to the type of
refuse present and the manner of disposal. However, leachates are usually
characterized as being high in biochemical oxygen demand (BOD), dissolved
chemicals (iron, chloride, sodium), hardness, acids, and nitrates (organic
decomposition).
The future outlook of solid waste disposal by sanitary land-
fills shows an increase in its usage for at least the near future. This
increase is partially due to the low costs and simple operation of land—
fills. Other acceptable methods of solid waste disposal (i.e., incinera—
tion, composting, shredding) have beenused to a lesser extent primarily
because of economic factors.
Data concerning the physical location of solid waste disposal
sites is difficult to obtain. In addition, evaluation of the impact of
landfills on water quality requires knowledge of the proximity of the
fills to surface and ground water, the nature and amount of fill material,
and the operational procedures.
Table 31
SOLID WASTE DISPOSAL SITES,1973(2)
  
Sanitary Modified or Other, or
Total Landfills Qpen Dumps Unidentified
Lake Huron Basin 266 22 83 161
PSA 3.1 104 6 54 44
PSA 3.2 162 16 29 117
Dredging and Artificial Fill Areas
Dredging is the process of excavating bottom material from
underwater and disposing of it in suitable areas to assure that harbors
will have sufficient width and depth for commercial and recreational
boating. This removal includes the soft sediments and/or the hard
bottoms of limestone and compacted clays.
Due
to
pOp
ula
tio
n a
nd
ind
ust
ria
l d
eve
lop
men
t i
n t
he
Lak
e H
uro
n
basin, some of the sediment that is removed by dredging activities has
been polluted by municipal, industrial, and agricultural activities.
Potential pollutants that are common to the affected sediments include
nitrates, phOSphates, organic matter, pH, alkalinity, chlorides, iron,
oil, and grease, mercury, lead and zinc.
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Federal legislation concerned with polluted dredge spoil was
enacted in 1970 (P.L. 91-611) Section 123 specifically deals with
requirements for confined disposal areas and restrictions on open lake
disposal of polluted dredge spoil. However, much of the dredge spoil
material excavated in the Lake Huron basin continues to be disposed of in
open lake areas.
Table 32
AVERAGE ANNUAL VOLUME OF DREDGE SPOIL DISPOSAL
(1961-1970)
(3)
Annual Average Polluted Sediments
 
Total Number Dredging Requirinngonfinement
Lake Huron
of Sites Cubic Meters Cubic Yards Cubic Meters Cubic Yards
basin
11
393,475
514,683
234,172
306,308
PSA 3.1
7
131,908
172,541
15,067
19,709
PSA 3.2
4
261,567
342,142
219,105
286,599
Of the 11 harbors and channels on Lake Huron which are dredged
periodically, 8 were classified as polluted or partially polluted. On a
volumetric basis, this amounts to 234,172 cubic meters (306,308 cubic
yards) of sediment that should be confined to diked disposal areas, or
more than one—half of the total dredging.
In this report, artificial fill areas include man-made landfills
formed by dredging or other means for additional land development, or the
process of replenishing beaches by the depositing of dredged materials.
There are no artificial fill areas, as defined in the Shore Use and
Erosion Appendix of the Great Lakes Basin Framework Study,
along the Lake
Huron shoreline at this time.(9)
Michigan has
not
established
regulations
directed
specifically
towards
controlling
pollution
from
dredged
materials
feeling
that
they
can
take action
to control
pollution
from dredging
operations under
the
general
provisions
of
their
water
quality
laws.
In
considering
the
future
outlook
of
dredging
activities,
it
is
unlikely
that
any
major
work
will
be
done
in
the
Lake
Huron
basin
in
the
near
future
unless
larger
locks
are
constructed.
If
this
occurs,
larger
ships
will
be
utilizing
the
facilities
and
there
will
be
a
demand
for
deeper and wider harbors.
The
amount
of
future
maintenance
dredging
is
expected
to
decrease
if
regulatory
agencies
succeed
in
their
efforts
to
reduce
waste
discharges
and
prevent
soil
erosion
which
contributes
to
the
buildup
of
polluted harbor sediments.
In
all
likelihood
if
economic
development
continues
to
occur
in
the
Lake
Huron
basin
there
will
be
an
increase
in
the
percentage
of
polluted
sediments.
If
sediment
pollution
does
increase,
more
diked
disposal
areas
will
be
used,
which
may
in
turn
raise
the
potential
for
nearshore
water
pollution
if
diked
areas
are
not
properly
managed.
Conversely,
if
proper
technology
is
applied
to
controlling
pollutant
loss
from
confined
areas
the
pollution
potential
may
be
much
less
than
if
open
lake
disposal
methods
were
used.
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 Deep—Well Disposal
Deep-well disposal is the injection of liquid wastes, such as
brin
e an
d i
ndus
tria
l or
comm
erci
al m
ater
ials
, in
to t
he s
ubsu
rfac
e.
The
disp
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of o
il—f
ield
brin
es b
y th
is t
echn
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half
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ntur
y an
d ha
s ha
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e se
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ary
bene
fit
of r
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ing
the
pro-
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for
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its major effect on surface waters is by increaSing nearshore turbidity
and smothering of benthic biota.
Riverbank erosion,
on the other hand,
contributes sizable amounts of nutrient and pesticide materials
from
surrounding lands captured in the sediment.
Lakeshore Erosion
Three primary factors control the amount of erosion on Lake
Huron's shorelines.
The first is the physical nature of the shoreline.
The Saginaw Bay areas is characterized by wetlands and much of the
northern portion of the lakeshore is erodible low plain.
Sedimentation
damages are most significant in areas where shore materials are clays,
heavier textured soils and organic soils.
Increased potential of ice
push along flat shorelines occurs, especially during the spring ice break-
up.
The wetlands of the Saginaw Bay area are particularly vulnerable to
both of these problems.
Figure 42 displays graphically the physical
nature of the shoreline by indicating the distribution of shore types along
Lake Huron.
Table 34
LAKE
HURON
AND
ST.
MARYS
RIVER SHORE
TYPES 1970(4)
 
Lake St. Marys
Huron :River Total
Artificial fill area
0.0
3.1
3.1
Erodible
high bluff
34.7
0.0
34.7
Non-erodible
high bluff
0.0
0.0
0.0
Erodible
low bluff
59.7
9.3
69.0
Non—erodible
low bluff
60.0
4.0
64.0
High
sand
dune
0.0
0.0
0.0
Low
sand
dune
18.4
0.0
18.4
Erodible
low plain
183.6
11.8
195.4
Nonwerodible
low plain
45.4
0.0
45.4
Wetlands
163.2
63.0
226.2
Wetlands/erodible
plain
0.0
0.0
Wetlands/erodible low bluff 0.0 0.0
Total shore miles
565.0
91.2
656.2
To Convert From $2_ yultiply_§z '
Miles (mi) Kilometers (km) 1.609
A second
factor contributing
to shoreline erosion is the
combination
of
lake
levels
and
storm
intensity and
frequency.
As
a
rule,
the higher the lake level and the more frequent and intense the
storms,
the greater the erosive force, and
therefore erosion and lakeshore
recession will occur more rapidly.
Currently, the Great Lakes are experiencing another period of
high lake levels and consequently
the erosion of shorelines is greater
than normal.
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The third controlling factor is the variety,
concentration,
and location of shoreline land use. Outside of Lake Superior, Lake Huron
is the least developed of all the Great Lakes.
The southern portion of
Lake Huron is more developed than the northern, but commercial and indus—
trial development accounts for only 2% of the total shoreland use.
A great deal of research and analysis has been directed towards
shoreland erosion.
However, much of this data is based on economic para-
meters.
Very little research has been conducted on measuring volumetric
erosion rates. Volumetric measurements are necessary to assess the impact
of shoreline erosion on water quality.
Figure 43
DISTRIBUTION OF LAKE HURON AND ST. MARYS RULER
SHORE TYPES (4)
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The nonerodible coastline of Lake Huron encompasses 19 percent,
or 170 kilometers (105 miles) of the total shoreland area. If sand dunes
are included in the erodible categories, 81 percent of Lake Huron's shore-
line is comprised of erodible materials. Out of the 909 kilometers (565
miles) of shoreline, 740 kilometers (460 miles) are subject to some forms
of erosion. of this, according to the economic loss criteria, critical and
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moderate erosion account for 261 kilometers (162 miles) or 35 percent of
the erodible zones on the Lake Huron shore. Of the St. Marys River shore,
only 4% is not composed of erodible materials.
Table 35
LAKE HURON SHORELINE EROSION(4)
Shoreline
Percent
Kilometers Miles of Total
Existing Miles of Shoreline y
909.1
565.0
100
Critical Erosion Areas
12.9
8.0
2
Noncritical Erosion
248.4
154.4
27
Protected Shoreline
0
0
0
Shoreline Subject to Flooding
170.5
74.9
13
Shoreline Not Subject to
527.3
327.7
58
Flooding or Erosion
1] Does not include St. Mary's River Shoreline
According to the economic loss criteria, of the existing 909
kilometers
(565 miles) of shoreline on Lake Huron, 58 percent,
or 527
kilometers
(328 miles)
is not subject to flooding or serious
erosion,
while the remaining 42 percent is subject to certain forms of flooding or
erosion.
Two percent is subject to critical erosion, while shorelines
subject to flooding account for 13 percent, or 121 kilometers
(75 miles)
of the Lake Huron basin.
These
are
economic
estimates
and
probably
significantly
under—
state the amount of geological erosion and sedimentation occurring in
areas which may not
show up under the economic loss estimates.
All shore-
land
areas
are
subject
to
some degree
of erosion
and
the vast
majority
of
shoreland
areas
not
included
in
the
critical
erosion
categories may
in
the
aggregate acc0unt
for more
sedimentation from erosion
to
the
Lake
Huron
basin
than
from
critically
erodible
zones.
In 1973
the
Michigan Water Development
Services
conducted
a
detailed
survey
of
geologic
erosion
of
Michigan
shoreline
and
this
data
may
give
a
more
accurate
estimation
of
actual
erosion
taking
place.
The
figures
for
the
Lake
Huron
basin
shorelines
indicate
that
108.4
kilo-
meters
(67.4
miles)
are undergoing
high
risk erosion.
Nearly
10%
of
this
distance was
in undeveloped
areas,
which were
considered
in the
economic
loss estimates.
A
county
by
county breakdown
of
these high
risk
erosion
areas
is
shown
in
later
sections.
About
3
kilometers
(1.9
miles)
of
the
St.
Marys
River
is
subject
to
high
risk
erosion,
according
to
this
criteria.
Riverbank Erosion
Riverbank
erosion
can
be
caused
by
direct
abrasion,
under—
cutting,
or
sloughing,
or
from
a
combination
of
these
processes.
It
is
a
natural
geologic
phenomena
by
which
valley
development
occurs
as
a
reSult
of
gradual
lateral
widening.
Existing
floodplain
land
and
land
along
the
valley
sides
is
lost
or
otherwise
altered
by
lateral
cutting
and
undermining.
Serious
damages
can
also
result
when
man's
activities
accelerate this natural process.
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In addition to the obvious loss of land and natural resources,
agricultural and urban improvements on this land also result in additional
sedimentation, nutrients, and other contaminants entering the waters.
The effects on water quality from riverbank erosion are parti—
cularly noticeable in newly developing urban areas. Urban development
may lead to increasing runoff due to the decline in permeable surfaces
which can absorb storm waters. Increased runoff canlead to greater bank
cutting and sloughing. The resulting sediment loads from eroding river—
banks in urban environments can become a major source of sediment in water.
Table36
TOTAL LENGTH OF RIVERBANK EROSION(7)
  
PSA 3.1 PSA 3.2 Lake Huron Total
Kilometers Miles Kilometers Miles Kilometers Miles
Moderate 664 413 1078 670 1742 1083
Severe 368 229 638 297 1007 626
TOTAL 1032 642 1716 1067 2749 1709
An average of 9.5 metric tons of sediment per square kilometer
(27 tons per square mile) for the entire Great Lakes Basin was found.
The erosion is summarized in bank lengths (a length of streambank erosion
would be erosion on only one side of a stream channel). Streambank erosion
in the Lake Huron basin is widespread with 2,749 kilometers (1,709 miles)
of streambank subject to some form of erosion. The erosion is classified
as moderate or severe in damages, with severe damages indicating those
areas where further study is warranted to determine if some form of stream-
bank erosion protection is justified.
Intensive Livestock Qperations
 
In recent years attention has been given to the water quality problems
caused by agricultural wastes due to changes in agricultural production
practices. For economical reasons, livestock production has become
increasingly concentrated in larger operations, increasing the confinement
of the numbers of animals per livestock operation. The potential contami-
nants from animal feedlots include organics and inorganics, nutrients,
bacteria, solids, and soluble materials. Of greatest concern are nitrates
and phosphates, bacterial contamination, and high BOD rates.
The following definition of an intensive livestock operationwas
established for this study: "A facility capable of holding animals on
land not used for growing of crops or vegetation." The numbers of animals
used for this definition were 100 or more head of cattle (available data
did not allow for identification of beef and dairy), 200 or more swine,
10,000 or more poultry. These standards were developed by Dr. R. C. Loehr
for intensive livestock operations based upon what was felt to be appropri—
ate size that would be a large single enterprise operation, operating at a
respectable profit.(5a)
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According
to
Dr.
Loehr's
standards,
there
are
853
intensive
live—
stock
operations
in
the
Lake
Huron
basin,
51
of
which
are
poultry
operations,
704
are
cattle
operations
and
the
remaining
98
are
swine
feedlots.
These
estimates
are
based
on
information
contained
in
the
1969
Census of Agriculture.
Table 37
NUMBER
OF
INTENSIVE
LIVESTOCK
OPERATIONS
1969(53’8)
  
Poultry
Cattle
Swine
With
10,000
With
100
With
200
or
more
or
more
or
more
Total
Lake
Huron
basin
51
704
98
853
PSA
3.1
2
159
9
170
PSA
3.2
49
545
89
683
High
Density,
Nonsewered
Residential
Areas
 
The
impact
that
sewage
disposal
may
have
on
the
environment,
in
addition
to
strictly
public
health
concerns,
is
receiving
attention.
one
particular
impact
is
the
effect
on
water
quality.
Impacts
may
result
in
terms
of
nutrient
enrichment
of
streams
and
lakes,
heavy
concentrations
of
certain
chemical
compounds
detrimental
to
surface
water
uses,
as
well
as
affecting
the
general
aesthetic
characteristics
of
nearby
aquatic
environments.
The
magnitude
of
the
pollution
associated
with
these
systems
can be locally severe.
The
1970
Census
of
Housing
reports
that
there
are
a
total
of
400,900
sewered
and
nonsewered
housing
units
in
the
Lake
Huron
basin.
9)
Non—
sewered
housing
makes
up
47%
of
this
total
figure,
or
189,663
housing
units.
Of
this
number
9%,
or
36,542
units
are
in
urban
areas
and
38%,
or
153,121
are
in
rural
nonfarm
areas.
Seventy
percent
of
all
housing
units
in
the
northern
sector
of
the
lake
basin
are
nonsewered.
Table 33
HIGH
DENSITY,
NONSEWERED
RESIDENTIAL
AREAS
1970(9)
Nonsewered louooholdn
ggjgn,
gigg;
Non-E‘s.
gagginod
Percent
of
Percent
of
Percent
of
Total
Total
Total
Total
Housing
Housing
Enusing
Housing
Unit:
Number
Units
Number
Units
Number
Units
Lake
Huron
400,960
36,542
9
153,121
38
189,663
67
basin
PSA
3.1
59,687
1,907
3
39,024
67
41,731
70
PSA
3.2
341,273
34,635
10
113,297
33
147,932
43
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 Recreational Land Use
 
Many pleasing aspects of the resource base contribute to recreational
land use in the Lake Huron basin.
In addition, population pressures in the
southern portion of the basin, and from the Detroit metropolitan area,
have encouraged the development of the recreational resources.
The forested
northern portion encompassing Planning Subarea 3.1 is suited for camping,
hunting, hiking, horseback riding, and other activities especially suited
to a natural environment.
from accelerated erosion and waste disposal in such natural areas.
Water pollution problems will arise primarily
River
and lakes in Planning Subarea 3.1 are more suited for boating and other
recreational uses than those in the southern portion.
In contrast, the
Lake Huron shoreline in the north is not as developed as those of Planning
Subareas 3.2.
suitable for waterfowl hunting.
Planning Subarea 3.2, Bay—use facilities are common.
The shoreline of Lake Huron in Saginaw Bay is marshy and
Because of the urban population in
Playfields and golf
courses may have increased nutrient runoff, while litter and erosion may
be a problem at urban recreation facilities.
Due to the dispersed nature
of such popular activities as canoeing, horseback riding, hiking and wilder-
ness camping, accurate participation rates are difficult to collect. This
is also true of urban parks and playfields where again, dispersed sites
and multiple entry points make data collection difficult.
Table 39
SUMMARY OF RECREATIONAL AREAS AND ACTIVITIES 1970
(in acres)
(10)
Lake Huron
basin
PSA 3.1
PSA 3.2
A C T I V I T I B 8
Water Oriented Activities Other Sumner Activitie-
 
Perkin
Swimming
Picnicking
Camping
General
Boating
Playfields
Golf
110 1110 1430 410 260 680 1060
60 770 1000 210 200 10 600
50 340 430 200 60 670 460
A C T I V I T I E S
Hater
Winter Activities Surface Total Area
Skiing Sledding Ice Skating Boating
Lake Huron
basin
60
0
0
450,000
455,120
PSA 3.1
20
0
0
289,000
291,870
PSA 3.2
40
0
0
161,000
163,250
To Convert Fro.
Ig
II§C1211 !1
Acres (acre) Hectares (he) 0.505
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PLANNING SUBAREA 3.1
 
Disposal Operations
Liquid Waste Disposal
 
At the present time, there are 41 liquid waste disposal operations
in Planning Subarea 3.1. Nearly fifty percent of these are classified by the
State of Michigan as lagoon type. Low permeability of soils in the area
could limitabsorption and lead to ice freeze—ups of liquid wastes, particu—
larly in the more northern counties, which creates potential water quality
  
problems.
Table 40
l
LIQUID WASTE DISPOSAL 1973( )
me of Discharge
No. of Spray Septic Ink Surface of
Quratione Knicipal Induatgg m ltriﬂtion Tile Held Ground
PSA 3.1
Michigan
Alcona
Alpena 6 — 6 3 - 3 -
Arenac 4 - a 2 - 2 _
Cheboygan 5 1 4 4 - - 1
Crawford 1 1 - - - - 1
Iosco 7 2 5 2 - 4 1
Hontmorency 2 - 2 2 - - -
Ogemaw 3 - 3 2 - 1 -
Oscoda 4 - 6 2 - 1 1
Otsego 6 1 5 1 - 2 3
Preaque Isle 3 - 3 — - 2 1
TOTAL 61 5 36 18 - 15 8
Solid Waste Disposal
In Planning Subarea 3.1 there are approximately 104 solid waste
disposal sites composed of sanitary landfills, modified landfills, and open
dumps.(2) Detailed information was not always available concerning the type
of solid waste disposal. The largest number of solid waste disposal sites
were located in Cheboygan County, with 2 sanitary, 15 modified landfills, and
1 open dump.
Table 41
SOLID WASTE DISPOSAL SITES BY COUNTY 1973(2)
Sanitary lbdified Open Construction Acreage Population
Total Landfill _La3d£ill a Debris m1 Served
  
PSA 3 . 1
E21222
Alanna 10 1 7 - - - -
Alpena 6 - - - - - -
Arenac 8 - 6 2 - - -
Cheboygan 18 2 15 1 - - -
Crawford 13 2 3 - - - -
Ioaco 7 - - - - - -
mnt
mrc
y
9
-
-
..
..
._
_
Ogemv 15 1 110 - - - -
Oscoda l. - - — .. - -
Otsego lo - - - - - -
Preeque Iale 10 - - - - - -
MAL 106 6 5‘ 3 - - -
llO
 
 Dredge Spoil Disposal
On an average annual basis, 7 harbors or channels are dredged in
the northern portion of Lake Huron comprising PSA 3.1. This includes sites
at Les Cheneaux and on the St. Marys River which are not in the counties
comprising PSA 3.1, but are on the St. Marys — Lake Huron complex. Four
of these sites have been classified as polluted or partially polluted.
Around 11 percent of the dredged material in this planning subarea requires
confinement in diked disposal areas.
Table 42
AVERAGE ANNUAL VOLUME OF DREDGE SPOIL DISPOSAL
(1961 — 1970)
(3)
  
Number of Annual Average Polluted Sediments
Sites Dredging Requiring Confinement
Cubic Meters Cubic Yards Cubic Meters Cubic Yards
PSA 3.1
Michigan
Alcona l 459 600 459 600
Alpena 1 7,468 9,768 6,721 8,791
Arenac
Cheboygan 2 7,043 9,213 34 45
Crawford
Losco 1 15,882 20,775
Montmorency
Osemaw
Oscoda
Otsego
Presque
Isle
Other Sites
St. Marys
River 1 93,202 121,912
Les Cheneaux 1 7,854 10,273 7,854 10,273
Total 7 131,908 172,541 15,068 19,709
Deep-Well Disposal
Only one deep-well disposal site exists in Planning Subarea 3.1.
This is partially a result of the area's slower industrial development in
comparison with Planning Subarea 3.2. There may be some unplotted and
abandoned wells and test holes drilled into formations containing saline
water. These wells were drilled in the latter part of the 19th century in
search of brines for lumber mills.
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Table 43
2 5d
DEEP-WELL DISPOSAL SITES 1973 ( )( )
 
To
ta
l
No
.
Ge
ol
og
ic
Fo
rm
at
io
n
ri
pe
of
wa
st
e
of Sites Dundee Sylvania Other Brine Industrial Other
PSA 3.1
Michigan
Alcona
Alpena
Arenac
Cheboygan
Crawford
Iosco
Montmorency
Ogemaw
Oscoda
Otsego
Presque Isle
TOTAL
Erosion
Lakeshore Erosion
The shore types of Lake Huron are important in a consideration of
erosion in Planning Subarea 3.1. Table 44, indicates the approximate mileage
of the various types.
Table 44
SHORE TYPES — PLANNING SUBAREA 3.1(4)
 
Artificial Fill Area
Erodible High Bluff
Non—Erodible High Bluff
Erodible Low Bluff
Non—Erodible Low Bluff
Hihg Sand Dune
Low Sand Dune
Erodible Low Plain
Non-Erodible Low Plain
Wetlands
Total Shore Miles
To Convert-From 22
Miles (mi) Kilometers (km)
  
Town: City
I
'r
‘)’¢5
10560
0
East Tow @ w .;;~
LB‘ 0
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 In
Planning
Subarea
3.1
there
are
580.8
kilometers
(361.0
miles)
of
shoreline
on
Lake
Huron.
Of
this
total
455.5
kilometers
(283.1
miles)
are
considered
not
to
be
subject
to
flooding
or
significant
erosion.
Critical
erosion
areas
total
12.5
kilometers
(7.8
miles)
and
noncritical
erosion
zones
total
101.2
kilometers
(62.9
miles).
f
7
Table 45
SHORELINE
EROSION
FOR
PLANNING
SUBAREA
3.1,
1970(4)
 
Kilometers Miles
1.
Existing
miles
of
shoreline}!
580.8
361.0
2.
Length
and
location
of
critical
erosion areas
A.
Iosco
Co.,
Michigan
12.5
7.8
3.
Shoreline
subject
to
noncritical
erosion
101.2
62.9
4.
Protected
shoreline
0
0
5.
Shoreline
subject
to
flooding
11.6
7.2
6.
Shoreline
not
subject
to
flooding
or
erosion
455.5
283.1
 
1/
Does
not
include
St.
Mary's
River
Shoreline
Table 46
1973
HIGH
RISK
EROSION
MILEAGE<6>
PSA
3.1
Developed
Undeveloped
Total
Michigan
Alcona 2 .
1
Alpena l
Arenac 12.
Cheboygan 3
Crawford
Iosco 31.3
Montmorency
Ogemaw
Oscoda
Otsego
Presque
Isle
1.0
km
.7
mi
.8
km
.5
mi
1.9
km
1.2
mi
Total
71.1
km
44.2
mi
8.6
km
5.4
mi
79.8
km
49.6
mi
3 mi 3.5 km 2.2 mi 24
0
mi
1.
.7
mi
1.1
km
.7
mi
13.
0
mi
3
.5 mi
.0 mi
.4 mi
.0 mi
N
U
‘
I
O
‘
k
O
N
C
D
P
-
‘
U
'
l
19.5
mi
3.2
km
2.0
mi
34.5
21.5
mi
These
figures
differ
from
the
1973
survey
of
shoreline
erosion
:
conducted
by
the
Michigan
Water
Development
Services(6),
The
1973
study
showed
;%
that
Planning
Subarea
3.1
had
28.6
kilometers
(17.8
miles)
of
high
risk
erosion
areas.
This
included
both
developed
and
undeveloped
shore
areas.
The
economic
loss
estimates
include
only
the
developed
portions
of
the
r
v
w
v
i
‘
u
s
m
‘
d
‘
-
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 sho
rel
ine
, w
hic
h g
ive
s a
n i
nco
mpl
ete
acc
oun
tin
g o
f t
he
ero
sio
n t
aki
ng
pla
ce.
In
add
iti
on,
abo
ut
3 k
ilo
met
ers
(1.9
mil
es)
of
the
St.
Mar
ys
Riv
er
is
sub
jec
t t
o h
igh
ris
k e
ros
ion
, a
cco
rdi
ng
to
thi
s c
rit
eri
a.
Riverbank Erosion
Approximately 1,030 kilometers (640 miles) of the total 17,020
kil
ome
ter
s (
10,
580
mil
es)
of
riv
erb
ank
s i
n P
lan
nin
g S
uba
rea
3.1
und
erg
o
mod
era
te
or
sev
ere
ero
sio
n.
Mod
era
te
ero
sio
n a
ffe
cts
64
per
cen
t o
f t
he
ero
ded
riv
erb
ank
s,
whi
le
36
per
cen
t o
f t
he
ero
ded
riv
erb
ank
s a
re
con
sid
ere
d
to be undergoing severe erosion.
 
Table 47
MODERATE AND SEVERE RIVERBANK EROSION - 1969(7)
(in miles)
Watershed
PSA
3.1
Und
er
400
Sq
Mil
es
Ove
r 4
00
Sq
Mil
es
Com
bin
ed
Mod
era
te
368
45
413
Sev
ere
224
5
229
TOT
AL
592
50
642
To
Con
ver
t F
rom
Io
Mul
tip
ly
By
Squ
are
Mil
es
(sq
mi)
Squ
are
Kil
ome
ter
s
(sq
km)
2.5
9
Mil
es
(mi
)
Kil
ome
ter
s
(km
)
1.6
09
Intensive Livestock Operations
 
Bas
ed
on
the
196
9 C
ens
us
of
Agr
icu
ltu
re,
the
re
are
170
int
ens
ive
liv
est
ock
ope
rat
ion
s:
two
wit
h o
ver
10,
000
pou
ltr
y a
pie
ce;
159
fee
dlo
ts
with
over
100
head
of c
attl
e,
and
an a
ddit
iona
l 9
feed
lots
with
over
200
swine apiece in Planning Subarea 3.1.
An
est
ima
te
has
bee
n m
ade
as
to
the
amo
unt
of
ani
mal
was
te
pro
duc
ed
in
ter
ms
of
wet
pou
nds
per
day
fro
m t
hes
e i
nte
nsi
ve
liv
est
ock
ope
rat
ion
s.
The
con
ver
sio
n c
oef
fic
ien
ts
wer
e b
ase
d o
n D
r.
Loe
hr'
s f
ind
ing
s.
In
con
ver
tin
g t
he
num
ber
of
ani
mal
s i
nto
pou
nds
of
was
te
per
day
, p
oul
try
pro
duc
es
2,8
00
kil
ogr
ams
(6,
200
wet
pou
nds
) p
er
day
, c
att
le
127
,21
0
kil
ogr
ams
(28
0,4
50
wet
pou
nds
) p
er
day
, a
nd
swi
ne,
1,8
10
kil
ogr
ams
(4,
000
wet
pou
nds
) p
er
day
fro
m t
hes
e i
nte
nsi
ve
ani
mal
fee
dlo
ts.
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Table 48
INTENSIVE
LIVESTOCK
OPERATIONS BY
COUNTY
1969(53)(8)
 
  
Estimated Livestock Tot-1
lltéggtod Animal Haste
Poultry Cattle sq!!!
No. No. No. we: Lbllnay
Farms
Number
Farms
Number
Farms Number
Poultry
Cattle
Swine
PSA 3.1
Michigan
Alcona
1
10,000
19
1,900
-
-
3,100
95,000
-
Alpena
-
-
13
1,300
1
200
-
65,000
2,000.
Arensc
1
10,000
18
2,761
5
1,320
3,100
138,050
13,200
Cheboygan
-
-
12
1,934
-
-
—
96,700
-
Iosco
-
-
22
6,866
1
200
-
343,300
2,000
Montmorency
‘
-
13
1,547
—
-
-
77,350
-
Ogemsu
-
-
41
6,783
-
-
-
339,150
-
Oscods
-
-
5
824
1
200
-
41,200
2,000
Otsego
-
—
5
500
1
200
-
25,000
2,000
Presque Isle
-
-
11
2,483
-
-
-
124,150
-
TOTAL
2
20,000
159
26,898
9
2,120
6,200
1,344,900
21,200
To Convert iron 32 haltiglz 31
Pounds (1b) Kilogram: (kg) 0.454
High Density Nonsewered Residential Areas
 
The
total amount
of nonsewered
residential
houses
in the
1970
Census
excluding
farms
formed
70
percent
of
the
total
nonfarm housing
units
in the
area.
This
meant
that
41,731 residential
units were
not
connected
to
a
public
sewer
system
out
of
a total
housing
stock
of
59,687
units.
Of
these
only
3 percent
(1,907
units)
were
in urban
areas.
The
majority of
non-
sewered
residential
units
(95 percent)
were
in rural nonfarm
areas.
Table 49
HIGH
DENSITY,
NONSEWERED
RESIDENTIAL
AREAS
BY COUNTY - 1970(9)
Nonseuered Iouseholds
 
Urban
Rural
Nonfsrm
Combined
Percent Percent Percent
Total
of Total
of Total
of Total
Housing
Housing
Housing
Housing
PSA 3.1
Units
Number
Units
Number
Units
Number
Units
Michigan
Alcona
3,546
0
0
3,148
89
3,148
89
Alpena
9,895
172
2
4,821
49
4,993
51
Arenac
3,930
0
0
2,987
76
2,987
76
Cheboygan
6,067
391
6
3,642
60
4,033
67
Crawford
2,356
0
0
1,463
62
1,463
62
Isco
10,767
1,314
12
5,987
56
7,301
68
Hontmorency
3,472
0
0
2,985
86
2,985
86
Ogemsw
7,711
0
0
6,295
82
6,295
82
Oscoda
3,099
0
0
2,907
94
2,909
94
Otsego
4,368
16
<1
3,017
69
3,030
69
Presque
Isle
4,474
14
<1
2,570
57
2,584
58
TOTAL
59,687
1,907
3
39,824
67
41,731
70
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 Recreational Lands
Extensive forested lands, varied topography, streams, rivers, lakes,
and the last remnants of an unspoiled Lake Huron shoreline combine to make
Planning Subarea 3.1 desirable for recreational use. Much land is publicly
held, either in the twelve state parks, or in extensive state and national
forest lands. Urban development is not significant, and what little does
exist is primarily related to recreation.
Recreational activities in the subarea are primarily of the less
intensive sort; with the vast forest lands being available for fishing,
hunting, and more primitive camping. Erosion or sewage disposal problems
may be more difficult to control than in a highly developed, closely
watched site. However, due to the low intensityof use, the total impact
will not be as great overall as in the higher density sites. The wilder-
ness qualities of the Au Sable River have made it popular for canoeing,
and the Michigan shore—to—shore riding and hiking trail, traversing Iosco,
Alcona, Oscoda and Crawford Counties, also make use of these relatively
undeveloped lands. Water quality influences from these activities would
occur primarily at canoe access and portages, with the possibility of ac:
celerated erosion in unstable areas and along the riding trail, with
animal wastes and accelerated erosion.
The state parks and recreation areas provide more developed facilities
with campgrounds, picnic areas, swimming, beaches, parking lots, boating,
fishing and playgrounds. Private development includes numerous ski resorts,
particularly in the northwestern sector of the subarea, childrens' camps,
golf
cour
ses,
camp
grou
nds
and
reso
rts,
and
boat
ing
faci
liti
es.
Ther
e ar
e
more harbors in this subarea than in Planning Subarea 3.2; however, the
total moorage capacity is less. Localized pollution may occur near these
harbors, but due to the relatively smaller size of the harbors, this may
not be as great a problem as in other subareas. Both a threat to water
access, and impact on water quality, have occurred on some lakes where
seasonal homes and private resorts clog the shores. Recreational facilities
accompanying these areas will have a high amount of use, leading to acceler—
ated erosion and sewage problems.
PLANNING SUBAREA 3.2
 
Disposal Operations
Liquid Waste Disposal
 
In Planning Subarea 3.2 there are 72 liquid waste disposal opera—
tions. The majority of these are classified by theState of Michigan as
being of the lagoon type. 1) Low permeability of soils in much of the area
points to the necessity of monitoring these disposal operations.
ll9
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Table 50
LIQUID WASTE DISPOSAL 1973
W
Michigan
Bay
Clare
Genesee
Gladwin
Gratiot
Huron
Isabella
Lapeer
Midland
Saginaw
Tuscola
TOTAL
Municipal Industrial Lagoon Irrigation Tile Filed
 
No. of
Operations
6 1 5 3
6 3 3 2
8 - 8 S
3 — 3 2
6 — 6 2
11 - 11 3
7 — 7 4
3 1 2 1
5 2 3 2
12 — 12 4
5 - 5 3
72 7 65 31
Type of Dischgrxg_i
Septic Tank Surface of
N
O
N
H
H
J
-
‘
U
H
N
I
N
N a
.
Ground
c
P
‘
F
‘
P
‘
N
.
b
t
~
l
F
J
U
’
H
H U
!
County.
identified sanitary landfills in the subarea.
Solid Waste Disposal
In Planning Subarea 3.2 there are 162 solid waste disposal sites,
comprised primarily of sanitary and modified landfills, with one open dump
in Isabela County and one disposal site for construction debris in Clare
Saginaw, Midland and Lapeer Counties contain the majority of the
Sanitary landfills are more
popular here than in the northern portion of the Lake Huron basin because
of the more urbanized setting.
SOLID WASTE DISPOSAL SITES BY COUNTY 1973
Table 51
(2)
 
Acres (acre)
Hectares (ha)
121
0.405
Sanitary Modified Open Construction Population
Total Landfill Landfill Dump Acreager Served
B§§L3.2
Mi higan
Bay 12 l - - -
Clare l4 1 6 - -
Genesee 15 - 15 - -
Gladwin l7 - — — -
Gratiot 6 - — - -
Huron 20 - - - -
Isabella 9 - - - -
Lapeer 5 5 - - -
Midland l3 5 8 - -
Saginaw 28 4 — - -
Tuscola 23 - - - -
TOTAL 162 16 29 ' ‘
To
Con
ver
t F
rom
To
Mul
tip
ly
y
 
   
Dredge Spoil Disposal
 
Planning Subarea 3.2 has 4 locations that are dredged on an
average annual basis.‘ These sites total 261,567 cubic meters (342,142
cubis yards) of dredge, of which 84 percent contains polluted sediments
requiring confinement.
Table 52
AVERAGE ANNUAL VOLUME OF DREDGE SPOIL DISPOSAL(3)
(1961—1970)
Annual Average Polluted Sediments
Nu
mb
er
._
__
__
Q£
EQ
EE
EE
__
__
_
Re
qu
ir
in
g
Co
nf
in
em
en
t
of Cubic Cubic Cubic Cubic
Sites Meters Yards Meters Yards
PSA 3.2
Michigan
Bay
Clare
Genessee
Gladwin
Gratiot
Huron
2
30,379
39,737
21,716
28,405
Isabella
Lapeer
Midland
Saginaw
1
22,532
294,735
191,525
250,524
Tuscola
Other Sites
H
Sanilac
Co
5,864
7,670
5,864
7,670
TOTAL
4
261,567
342,142
219,105
286,509
Deep-Well Disposal
Deep-well disposal sites are numerous
in Planning Subarea 3.2, due
primarily to the presence of Dow Chemical Company in Midland County.
The
majority of the wastes injected are brine - 26 out of the total 37 disposal
sites
are
brine
injection.
Twenty-seven
are
in the
Sylvania
geologic
forma-
tion.
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 Table 53
2
DEEP-WELL DISPOSAL SITES 1973( ‘5‘”
l ' F i e of Waste
Total No. Geo ogic ormat on TyE
of Sites Dundee Sylvania Other Brine Industrial Othe
PSA 3.2
Michigan
Bay
3
-
3
-
1
2
-
Clare
-
-
'
-
-
-
‘
Genesee
-
-
-
-
-
—
‘
Gladwin
—
-
-
-
-
-
—
Gratiot 3 2 - l l 1 l
Huron - - — - _ _ _
Isabella
-
-
-
-
r
—
'
Lapeer - - — _ - a _
Midland 31 7 24 — 24 3 4
Sagi
naw
—
-
—
_
_
_
_
Tuscola
—
-
-
-
-
-
'
TOTAL 37 9 27 l 26 6 5
 
Erosion
Lakeshore Erosion
The shore types of Lake Huron in Planning Subarea 3.2 are importan
in a consideration of the amount of erosion that will occur.
Table
indicates the miles of the various shore types.
Table 54
SHORE TYPES — PLANNING SUBAREA 3.2, 1970(4)
Miles
Artificial Fill Area A O
Erodible High Bluff HBe 35
Non—Erodible High Bluff HBn 0
Erodible Low Bluff LBe 20
Non-Erodible Low Bluff LBn 35
High Sand Dune HD 0
Low Sand Dune LD 18
Erodible Low Plain Fe 20
Non-Erodible Low Plain Pn 0
wetlands
W
76
Total Shore Miles
204
To
Convert
From
To
Multiglz
Bx
Miles
(mi)
Kilometers
(kn)
1.609
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In Planning Subarea 3.2, there are 328.2 kilometers (204.0 miles)
of Lake Huron shoreland. Economic erosion loss has encompassed 45 percent
of this area, or 147.5 kilometers (91.7 miles), which is subject to either
critical or noncritical erosion. Thirty—three percent of the area is
subject to flooding, while only 22 percent of the shoreline is not subject
to flooding or erosion.
 
Table 55
SHORELINE EROSION FOR PLANNING SUBAREA 3.2, 1970(4)
Kilometers Miles
1. Existing miles of shoreline 328.2 204.0
2 Length and location of critical erosion
areas
A. Sanilac Co., Michigan 0.3 0.2
3. Shoreline subject to noncritical erosion 147.2 91.5
4. Protected shoreline 0 0
5. Shoreline subject to flooding 108.9 67.7
6. Shoreline not subject to flooding or erosion 71.8 44.6
These figures differ from the 1973 survey of shoreline erosion
conducted by the Michigan Water Development Services. This detailed study
showed that Planning Subarea 3.2 had 79.8 kilometers (49.6 miles) of high
risk erosion areas. In addition, shore erosion in Sanilac County adds
42.0 kilometers (26.1 miles) of high risk erosion area to the Lake Huron
shoreline. These figures include both developed and undeveloped shore area
The economic loss estimates include only the developed portions of the
shoreline, which gives an incomplete accounting of the erosion takine place
Table 56
1973 HIGH RISK EROSION MILEAGE(6)
Developed Areas Undeveloped Areas Total
PSA 3.2 gm Mi gm Mi Km Mi
Michigan .—. __—
Bay 5.9 3.7 5.9 3.7,
Clare
Genesee
Gladwin
Gratiot
Huron 21.0 13.1 1.6 1.0 22.6 14.1
Isabella
Lapeer
Midland
Saginaw
Tuscola
QEDEE_QEEE§
Sanilac
39.9
24.8
2.1
1.3
42.0
26.1
TOTAL
66.8
41.6
3.7
2.3 »
70.5
43.9
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 Riverbank Erosion
Almost seven percent of the total 25,840 kilometers (16,060 miles)
of riverbanks in Planning Subarea 3.2 are subject to some form of erosion.
Sixty—three percent, or 1,080 kilometers (670 miles) is subject to moderate
erosion, while the remaining 37 percent is subject to severe erosion.
Table 57
MODERATE AND SEVERE RIVERBANK EROSION 1969(7)
(in miles)
 
Watershed
Under 400 Sq Miles Over 400 Sq Miles Combined
PSA 3.2
Moderate 368 45 413
Severe 224 5 229
TOTAL 592 50 642
To Convert From To Multiply By
Square Miles (sq mi)
Intensive Livestock Operations
There are approximately 683 livestock operations in Planning Subarea 3.2,
based on the 1969 Census of Agriculture.
Square Kilometers (sq km)
2.59
The majority of these are the
545 intensive cattle feedlots, with a total of 106,628 head.
In converting
the number of animals into pounds of waste per day, 53
poultry produces
153,029 kilograms (337,069 wet pounds) per day, cattle 2,420,455 kilograms
pounds) per day from these intensive animal feedlots.
(5,331,400 wet pounds) per day, and swine 134,230 kilograms (295,660 wet
 
Table 58
(5a) (.8)
INTENSIVE LIVESTOCK OPERATIONS BY COUNTY 1969
Estimated Livestock Total Estimated Animal Waste
Poultry Cattle Suin-
No. No. no. Wet Lbs/Day
Farms Number Farms Number Farms Number Poultrv Cattle Swine
ISA3.2
Michigan
Bay
1
10,0
00
13
2,62
2
2
400
3,10
0
131,
100
4,00
0
Clar
e
—
-
22
4,37
8
1
200
-
218,
900
2,00
0
Cene
see
2
20,0
00
35
9,34
4
10
3,05
8
6,20
0
467,
200
30,5
80
Gladw
in
—
-
21
3,788
2
400
—
189,4
00
4,000
Gtat
iot
5
76,0
00
64
14,1
50
15
4,88
9
23,5
60
707,
500
48,8
90
Huro
n
26
686,
621
145
25,8
90
16
6,23
4
212,
852
1,29
4,50
0
62,3
40
Iube
11a
1
10,0
00
82
20,4
63
8
2,48
9
3,10
0 1
,023
,150
24,8
90
Lape
er
3
30,0
00
84
13,8
92
13
4,94
9
9,30
0
694,
600
49,4
80
Hidl
and
-
-
10
3,72
8
2
400
-
186,
400
4,00
0
Sagi
naw
3
30,0
00
26
4,07
3
15
4,62
1
9,30
0
203,
650
46,2
10
Tulc
ola
8
224,
700
43
4,30
0
5
1,92
6
69,6
57
215,
000
19,2
60
TOTA
L
49
1,08
7,32
1
545
106,
628
89
29,5
66
337,
069
5,33
1,40
0
295,
660
To Convert From 32 521:1212 81
Pounds (1b) Kilogrnus (kg) 0.454
127
 
NW%E
S
LAKE HURON
  
  
  
 
    
SAGINAW BAY
   
         
.
3
M
a
d
l
a
n
d
7
'
E
s
;
- X
V
I
H
E
@
é
”
.
'
0‘
u
1
(
B
a
y
C
I
U
.6
g
_
(6
M
I
D
L
A
N
D
'e
j
B
A
Y
“
a
3
6°
*‘
a
V
7
‘
‘
“
2
5
°‘
°
°
a
I ‘~
1
5
j
a,
1
~
S
a
g
i
n
a
w
(—
\
g>
R
I
V
Q
]
’9'
.
lo
‘
\
’
2
.
‘a
C
h
e
s
a
n
m
g
2
S
G
R
A
T
I
O
T
M
S
A
G
'
N
A
W
o
M
o
u
n
t
M
o
m
s
1
0
_
I
:
3
'
f
”
8
4
F
l
u
s
h
i
n
g
'
L
a
p
e
e
r
.
‘
'
/
/
N
w
o
s
s
o
O
s
w
a
n
z
C
r
e
e
k
I
”
I
 
LAPE Pig
_,_/
6>
.g. .Durand Ill
’64; \\ GENESEE
ﬂ‘u lb \ \
Fentgn O . Holly /
  
a g "
i
Q
\
o
m
ﬂ
/
\
2
b
\
Figure 50
PSA 3.2 INTENSIVE unsmcx OPERAHONS Legend: Hunter 01 Animal II
Facilities [hy coun
  
  
., , .
TH.\
u
P01
unnnlso
Vlcmnv
MAP
m
u
n
\
$
sou:
m
MILES
a
:13
_
V
0 so 100
s‘
  
SCALE IN N
1
2
8
‘°
3.2
 
 Iarbor Be ach
 
'mductio'I
a]
ultry I]
mu 0
wine 0
IILES
15 20
High Density, Nonsewered Residential Areas
Of the total housing stock in Planning Subarea 3.2, 43 percent of
147,932 residential units were classified as nonsewered in the 1970 Census
of Housing. A total of 10 percent (34,635 units) of the nonsewered units
were located in urban areas. Rural nonfarming households without sewers
totaled 113,297 units, or 33 percent of the total housing units.
Table 59
HIGH DENSITY, NONSEWERED RESIDENTIAL AREAS BY COUNTY 1970(9)
  
NONS!!§!!Q Eggggggggs
Urban Rural Ion-Yarn Calbinod
Percent Percent Percent
Total 0f Total 0f Total of Total
Housing Housing Housing Housing
Units Number Units Number Units Number Units
PSA 3.2
Michigan
Bay
36,06
8
4,307
12
6,773
19
11,08
0
31
Clare
11,08
7
70
1
9,244
83
9,314
84
Genes
ee
135,1
47
25,72
2
19
22,45
8
17
48,18
0
36
Gladwin 7,113 0 0 5,649 79 5,649 79
Grat
iot
12,1
41
307
3
4,53
4
37
4,84
1
40
Huron
13,01
3
75
1
6,840
57
6,915
58
Isabe
lla
12,15
3
222
2
4,963
41
5,185
43
Lapee
r
15,16
5
168
1
9,651
64
9,819
65
Midla
nd
19,53
0
228
1
7,784
40
8,012
41
Sagin
aw
65,66
0
3,473
5
12,30
1
19
15,77
4
24
Tusco
la
15,19
6
63
1
8,211
54
8,274
54
TOTAL
1341,
273
34,63
5
10
113,2
97
33
147,9
32
43
Recreational Lands
River valleys and forested areas in the northern portion and glacial
moraines in the southern portion of Planning Subarea 3.2 receive heavy
recreational use. Natural lakes are largely absent, and most rivers, with
the exception of the Saginaw, are too small for large scale recreational
development. Lake Huron is an important recreational resource due to this
lack of inland water; however, its use is constrained by the severe and
unsheltered coast line. Saginaw Bay has large areas of marshes, important
as wildlife habitat.
The orientation in this subarea is on day-use activities. Waterfowl
hunting is popular in the state game and wildlife areas in the Saginaw Bay.
An important source of pollution from this activity is from the lead shot
used in scatter shot. High rates of shooting and concentrated use of an
area can result in serious lead poisoning to the waterfowl. Lake Huron is
particularly important for recreational boating, due to the lack of inland
lakes or large rivers. Pollution problems associated with boating are
generally more dispersed in the Great Lakes than in the inland lakes due
to the large volume of water, but localized problems at harbors can occur.
There are fewer harbors in Planning Subarea 3.2 than in 3.1; however, a
greater number of boats can be moored, creating a greater concentration.
129
 
    
Winter sports are dispersed throughout the region, with ice fishing popula
on the inland lakes.
This can be a problem for water quality because of
sewage from "ice houses."
The urbanized areas provide more than twice as
many golf courses as in Planning Subarea 3.1 and many moreplaygrounds and
city parks.
Day and weekend use of facilities are important in much of
the area, due to the proximity to urban areas; and private and public
camp grounds are not as numerous as in Planning Subarea 3.1.
Such day
facilities will receive more intensive usage than the less intensively
developed areas farther north.
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 MATERIALS USAGE
BASIN CHARACTERISTICS
 
The Lake Huron basin is comprised of 22 counties in the eastern half of
the Lower Peninsula of Michigan. The counties have a total land area of
3,292,166 hectares (8,134,832 acres). Over one—third of this acreage is in
cropland and pasture. Most of the cropland is found in the southern portion
of this basin while the northern portion is suited for recreation because of
its extensive forest cover.
Agricultural Characteristics
This area includes two subareas which are very different in their
agricultural complexes. Planning Subarea 3.1 is not generally known for its
agriculture but thought of more in terms of recreation, forestry, and less
intensive farming. Planning Subarea 3.2, by contrast, is primarily known for
its agriculture, representing one of the major navy bean producing regions of
the world, with sugar beet production also very important.
Table 60 indicates the relative proportions of materials used in the
Lake Huron basinas compared to the total U.S. Great Lakes Basin.
Table 60
MATERIALS USAGE BASIN RELATIONSHIP —— LAKE HURON 3.0 T0 GREAT LAKES
  
Per harvested acre of cropland Lake Huron basin Great Lakes Basin
Lbs of chemicals applied 2.46 2.66
Index of chemicals used 92 100
Tons of livestock manure defecated 2.63 3.37
Index of manure defecated 78 100
Lbs primary nutrients in livestock manure 64' 82
Index primary nutrients in manure 78 100
Lbs commercial fertilizer applied 376 321
Percent liquid fertilizer applied 16 22
Index commercial fertilizerapplied 117 100
Lbs of primary nutrients in commercial fertilizer 184 153
Index primary nutrients in commercial fertilizer 120 100
Lbs of lime applied 34 170
Index of lime applied 20 100
Per acre of total land area
Lbs
road
salt
s us
ed
26.1
1
41.7
4
Inde
x ro
ad
salt
s us
ed
62.5
100
To
Con
ver
t F
rom'
'
Tg_
Mul
tip
ly
By
Poun
ds
(1b)
Kilo
gram
s (
kg)
0.45
4
Tons
(ton
)
Kilo
gram
s (
kg)
907.
2
Metric Tons 0-907
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FrOm
an
agricultural
standpoint
there
are
more
similarities
between
Planning
Subarea
3.2
and
4.1
than
exist
between
3.1
and
3.2.
In
like
manner
discounting
the
fruit
counties,
there
are
more
similarities
in
agriculture
in
Planning
Subarea
3.1
and
2.4
than
between
3.1
and
3.2.
Hay
andpasture,
a
major
crop
in
Planning
Subarea
3.1,
is
much
less
important
in
3.2.
On
the
other
hand,
corn
acreage
in
PSA
3.2
is
much
more
important
while
field
beans
and
sugar
beets
(of
major
importance
in
3.2)
are
hardly
grown
in
PSA
3.1.
Livestock
production
is
important
in
PSA
3.1.
It
:
also
important
in
3.2,
especially
in
those
counties
not
bordering
on
Saginaw Bay.
Materials Usage
An
inventory
and
analysis
on
materials
usage
was
made
based
on
personal
interviews,
correspondence
and
statistics
as
available
from
agricultural
statistics,
census
information,
state
highway
departments,
universities,
private
companies,
and
state
and
federal
agencies.
Background
for
the
analysis
is
presented
in
the
Methodology
Section.
Table
61
summarizes
the
findings
of
this
inventory
and
analysis.
Detailed
statistics
are
shown
in Table 62.
  
Table 61
MATERIALS USAGE
(in 1972)
Chemicals
Commercial
Limestone
Salts
Applied
to
Livestock
Fertilizer
Purchased
to
al
Crops
Manure
on
Cropland
or
Applied
Highw
Area
(100
lbs)
(tons)
(tons)
(tons)
(to
Lake
Huron
basin
40,994.4
4,498,921
313,257
28,571
106,
PSA
3.1
3,948.2
1,050,967
20,784
6,281
34,
PSA
3.2
37,046.2
3,447,954
292,473
22,290
71,
To
Convert
From
32
Multiply
By
Pounds
(1b)
Kilograms
(kg)
0.454
Tons
(ton)
Kilograms
(kg)
907.2
Metric
Tons
0.907
Agricultural
Chemicals
There
was
a
total
of
1,859,000
kilograms
(4,099,440
lbs)
of
agricultural
chemicals
used
on
farm
lands
in
the
Lake
Huron
basin
in
1972.
Herbicides
accounted
for
the
majority
of
chemical
use
(77
percent)
with
insecticides
conSisting
of
15
percent
of
the
total
and
fungicides
being
8
peh
This
amounts
to
1.11
kilograms
(2.46
lbs)
of
chemicals
applied
per
acre
of
harvested cropland.
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cent.
 
Chemical usage in the northeast counties
(PSA 3.1)
is projected
to increase modestly.
It is believed that usage in the east—central counties
(PSA 3.2)
will
increase more
than
this
— perhaps
15
to
25
percent.
It
is
expected
that for the entire area,
herbicide use will show a substantial
increase
(perhaps 15 to 20 percent),
fungicides a 5 to 10 percent
increase, with
insecticides
staying at about
the persent level,
Instrong agricultural counties
with high valued crops,
chemical applications, methods,
and rates will be
likely to change drastically over the next
10 years.
Future food production will
depend
a
great
deal
upon what
agricultural
scientists
and
researchers
are
able
to
discover
in
the
field
of
chemicals
for
use
and application.
Animal Wastes
Livestock,
as already stated, will continue to be of prime importance
in most of these counties.
Cattle and cow numbers have declined about 10
percent
in
the
last
8
years.
It
is
projected
that
these numbers will
hold
their
own.
Horse
number
increases
will
not
be
as
fast
as
in the
last
few years.
Chicken numbers have been decreasing about 1 percent a year.
Swine numbers were declining but are now holding their own.
Livestock manure
production per acre is likely to stay near present levels
for the next
10
years.
It was calculated that 4,081,350 metric
tons
(4,498,921 tons) of wet
manure were produced annually in the Lake Huron basin.
Most of this was produced
by cattle (83 percent).
Commercial Fertilizers
A total of 284,182 metric tons (313,257 tons) of commercial
fertilizers were applied to crops in the Lake Huron basin in 1972.
Nitrogen
accounted for 33 percent, phosphorus 32 percent, and potash 35 percent of
the primary nutrient content.
Fertilizer usage, already relatively high, will continue to
increase in use more in the southern counties and less for those in the
north.
The overall area tonnage will likely increase somewhat less than the
25 percent increase projected for PSA 3.2.
Lime
Lime usage, relatively unimportant in both subareas, will probably
continue to be applied at about current levels. In 1972 there were 25,290
metric tons (28,571 tons) of limestone used in the Lake Huron basin. Lime
is important in terms of its water quality impacts due to its effects on
the pH level of water and subsequent effects on water's acid — base
relationships.
The possibilities of precipitating phosphorous in the water
and alterting calcium content are also likely.
Salts
Because of severe climatic conditions during winter and the resultant
heavy snowfalls, road de—icing salts are required to keep major roadways open.
It is estimated that 96,347 metric tons (106,203 tons) were applied to
highways in the Lake Huron basin in the 1972—73 winter. The primary impact
upon ground and surface waters resulting from road de—icing salts comes from
chloride discharges, which_can over time affect the salinity
    
Table 62
GR
EA
T
LA
KE
S
BA
SI
N
MA
TE
RI
AL
US
AG
E
IN
VE
NT
OR
Y
Ag
ri
cu
lt
ur
al
Ch
em
ic
al
s,
Ma
nu
re
s,
Fe
rt
il
ize
rs
,
Lim
e
and
Hi
gh
wa
y
De
-I
cl
ng
Co
mp
ou
nd
s
Lake Huron 3.0 STATE: Highjgan
liorth 3.1 (11 Counties)
PL
AN
NI
NG
SU
BA
RE
M
Ce
n‘
ra
"
3.
2
(1
1
Co
un
ti
es
)O
OU
NT
Y:
22
Co
un
tv
To
ta
ls
5 RTILIZER I-V
PLANNING AREA:
72
CO
UN
TY
,
la
nd
ar
ea
,
ac
re
s
(1
)
5]
31
33
2
Nu
mb
er
I—
V
fa
rm
s
11‘
Acres in I-V {any};
Cropland I—V farms__12
Harvested cropland
I-V fax—mg
Number of farms 1 70
Acres in farms 31741. 6
Cropland in Earns 2356911
Ha
rv
es
te
d
cr
op
la
nd
in
fa
rm
16
6§
04
1
Crop '1' Fe
L
Cro
p
Gro
up
Az
om
t
Amo
un
t
Amo
un
t
or
Acr
es
L's
ed
Acr
es
Use
d
Acr
es
Use
d
[-103 G Pig
In
ve
nt
or
y
De
c.
l—
Ya
y
31
Ju
ne
l—
No
v.
,
 
We
:
Ma
nu
re
Fa
ct
or
:
To
ns
pe
r
li
tt
er
far
-ro
wed
we: Manure Defecated: Tons, 1972
Nu
tr
ie
nt
s
in
Ne
t
Ma
nu
re
:
Ni
tr
og
en
,
ton
s
TA
BL
E
8—
—G
RO
UN
D
LI
ME
ST
ON
E
EQ‘
    
Ph
os
ph
or
us
,
ton
s
AP
PL
IE
D
Potash, tons
Tonnage Tonnage nI
Fe
rt
il
iz
er
Go
ve
rn
me
nt
Go
ve
rn
me
n
Year Cost/Shared Cost/Sher
1972 20058 8513
Tonna es for Other Rec‘vnt
r
N
188840
Al
Vet Manure Factor: Tone
    
 
T0
APPL
Pa
   
Tons Purchased
S e
Wet Manure Defecated:
T
We: Manure Defecated: Tons, 1972 Combined:
Nutrients in Wet Manure: Nitrogen, tans
Phosphorus, tons
Potash, tons
 
  
   
Tons
As Computed 106203
50
She
ep
5
Ho
rs
es
G
AN
D
El
m”
Mature: Kind of
L
   
.
App
l
on
rep
and
:
7 313257 50620 149087
Nutrients Manure:
_
‘
Line:
Limes
tone
equi
purch
or ap
p ie
tons:
Nit
rog
en,
ton
s
Tab
le
8
285
71
’
Phosphorus, tans
P
crash, tons Salts: Applied on all highways, tons: Table 9 19:30)
(1) County, land area, acr‘
Em
il
—1
13
32
T_°
wil
ful
!
Bx
inc
lud
es
wat
er
are
as
u1
Pou
nds
(1b
)
Kil
ogr
ans
(k3
)
o_1.
53
[‘0
acr
es
m
512
°-
Acres (acre) Hectarc (ha) .160“?
Tons (ton) Kilogram (kg) 907.2
136
 
 D ‘
c To :31
ed Tonnaged
[jg—“577
 
ndcr
of
nea
rby
wel
ls
and
ope
n
wat
er
are
as.
Ass
umi
ng
tha
t
chl
ori
des
are
con
ser
va—
tiv
e
and
tha
t
ion
exc
han
ge
bet
wee
n
chl
ori
des
and
var
iou
s
soi
l
typ
es
are
min
ima
l,
mos
t o
f
the
chl
ori
des
wil
l e
ven
tua
lly
rea
ch
gro
und
and
sur
fac
e w
ate
r
areas.
Roa
d d
e-i
cin
g w
ill
mos
t l
ike
ly
con
tin
ue
at
the
pre
sen
t l
eve
ls.
Cha
nge
s a
re
for
ese
en
in
roa
d d
e—i
cin
g p
roc
edu
res
, b
ut
the
y w
ill
add
up
to
rat
es
si
mi
la
r
to
th
e
pr
es
en
t,
wi
th
to
ta
l
qu
an
ti
ti
es
de
pe
nd
in
g
on
ch
an
ge
s
in
ro
ad
mileages.
PLANNING SUBAREA 3.l
 
Thi
s
sub
are
a
is
com
pri
sed
of
11
cou
nti
es
all
in
nor
the
ast
Mic
hig
an,
6 o
f
th
e
co
un
ti
es
bo
rd
er
in
g
on
La
ke
Hu
ro
n
an
d
th
e
ot
he
r
5
dr
ai
ni
ng
in
di
re
ct
ly
in
to
th
e
la
ke
.
Th
es
e
ar
e
no
t
st
ro
ng
ag
ri
cu
lt
ur
al
co
un
ti
es
,
bu
t
th
ey
do
ha
ve
im
po
rt
an
t
ag
ri
cu
lt
ur
al
lo
ca
li
ti
es
in
th
em
.
To
ta
l
la
nd
ar
ea
fo
r
th
is
ar
ea
is
1,
48
6,
23
9
he
ct
ar
es
(3
,6
72
,4
48
ac
re
s)
.
Mo
re
th
an
17
pe
rc
en
t
of
th
e
ar
ea
is
in
fa
rm
la
nd
.
Agricultural Characteristics
Ha
y
an
d
pa
st
ur
e
ut
il
iz
e
ab
ou
t
70
,8
00
he
ct
ar
es
(1
75
,0
00
ac
re
s)
,
co
rn
an
d
gr
ai
ns
ab
ou
t
10
,1
20
to
12
,1
40
he
ct
ar
es
(2
5,
00
0
to
30
,0
00
ac
re
s)
ea
ch
,
ca
sh
cr
op
s
ab
ou
t
6,
47
5
he
ct
ar
es
(1
6,
00
0
ac
re
s)
wi
th
80
9
he
ct
ar
es
(2
,0
00
ac
re
s)
of
cu
cu
mb
er
s.
Th
e
ca
sh
fi
el
d
cr
op
s
ar
e
dr
y
be
an
s,
so
yb
ea
ns
an
d
su
ga
r
be
et
s
an
d
ar
e
gr
ow
n
mo
re
to
wa
rd
s
th
e
so
ut
h
an
d
po
ta
to
es
mo
re
in
th
e
no
rt
h.
Ta
bl
e
63
in
di
ca
te
s
th
e
re
la
ti
ve
pr
op
or
ti
on
s
of
ma
te
ri
al
s
us
ag
e
in
Pl
an
ni
ng
Su
ba
re
a
3.
1
in
co
mp
ar
is
on
wi
th
th
e
to
ta
l
U.
S.
Gr
ea
t
La
ke
s
Ba
si
n.
137
 
    
Table 63
MATERIALS USAGE BASIN RELATIONSHIP F“ PLANNING SUBAREA 3.1 T0 GREAT LA
Per harvested acre of cropland Planning Subarea 3.1 Great Lakes Bas
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a
Lbs of chemicals applied 2.02 2.66
Index of chemicals used 76 100
Tons of livestock manure defecated 4.72 3.37
Index of manure defecated 140 100
Lbs primary nutrients in livestock manure 114 82
Index of primary nutrients in manure 139 100
Lbs commercial fertilizer applied 213 321
.H Percent liquid fertilizer applied 16 22
g Index commercial fertilizer applied 66 100
3 Lbs primary nutrients in commercial fertilizer 103 153
g Index primary nutrients in commercial fertilizer 67 100
Lbs of lime applied 64 170
*8 Index of lime used 38 100
Per acre of total land area
Lbs road salts used 18.68 41.74
L Index road salts used 45 100
To Convert From Ig_ Multiply By
Pounds (lb) Kilograms (kg) 0.454
Tons (ton) Kilograms (kg) 907.2
Metric Tons 0.907
Materials Usage
Table 64 lists by county the material usage inventory for Planning
Subarea 3.1.
 
Agricultural Chemicals
 
This subarea in comparison with the total Basin applied less chemi1
per acre of harvested cropland. Chemical use will most likely increase
modestly in the next ten years — perhaps 10—15 percent. In 1972 there were
179,000 kilograms (394,820 lbs) of agricultural chemicals used. Most of thi
was in the form of herbicides (55 percent). Insecticides accounted for 29
percent and fungicides 16 percent.
Animal Wastes
Livestock production, and in turn manure production, may stay ab0u1
same in PSA 3.1. Cattle will be the class of livestock to especially observ:
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Table 64
MATERIALS USAGE
(in 1972)
Chemicals
Commercial
Limestone
Salts
Applied
Applied
to
Livestock
Fertilizer
Purchased
to
all
Crops
Manure
on
Cropland
or
Applied
Highways
(tons)
(tons)
(tons)
(tons)
(tons)
PSA 3.1
Michigan
Alcona
182.8
108,292
776
1,012
2,885
Alpena
379.5
150,763
1,974
267
3,189
Arenac
1,169.1
128,261
7,736
528
3,680
Cheboygan
386.1
76,350
963
596
4,796
Crawford
Iosco
293.9
143,006
1,875
588
3,064
Montmorency
116.1
53,536
568
258
2,349
Ogemaw
409.9
157,801
2,413
1,492
3,690
Oscoda
81.0
43,141
518
523
2,349
Otsego
193.3
52,453
854
314
4,412
Presque Isle
736.5
137,364
3,107
703
3,880
TOTAL
3,948.2
1,050,967
20,784
6,281
34,294
To Convert From
Tg_
Multiply By
Pounds
(1b)
Kilograms
(kg)
0.454
Tons (ton)
Kilograms (kg)
907.2
Metric Tons 0.907
produces 85 percent of the manure.
Horse numbers, which have been increasing
very rapidly, will probably continue to increase but at a slower rate. Live-
stock intensity, as measured by the manure index, is 40 percent higher than
the total Basin.
Had total cropland acres been used to compute this index,
livestock intensity would have been about 10 per cent higher.
Commercial Fertilizers
This subarea in comparison with the total Basin applied one—third less
commercial fertilizer per acre of harvested cropland. Fertilizer use in 1972
showed that 18,855 metric tons (20,784 tons) were used. Primary nutrients
comprised 49 percent of the total fertilizer amount. Nitrogen
accounted for 33 percent, phosphorus 32 percent, and potash 35 percent of the
primary nutrients.
Lime
There were 5,698 metric tons (6,281 tons) of lime purchased or
applied in Planning Subarea 3.1 in 1972. There is little to suggest that lime
usage will change much from present levels.
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Salts
Major highways passing through this subarea link southeast and
eastern Michigan with the Upper Peninsula. Road de—icing use is rather high
and will likely continue so. In 1972 there were 31,111 metric tons
(34,294 tons) of salts applied in highways in this planning subarea.
PLANNING SUBAREA 3.2
 
Eleven Michigan counties comprise this planning subarea in the south—
eastern portion of the state. Total land area equals 1,805,926 hectares
(4,462,384 acres), with lands in farms equaling 1,022,747 hectares
(2,527,175 acres) or 56 percent of the total land area.
Agricultural Characteristics
This subarea is one of the most fertile and most productive agricultural
regions in Michigan. It is commonly known as the "Saginaw Valley”. Looking
at ones right hand with palm up, it is the region in Michigan extending
from the tip of the thumb down and around and then up to abOut the base of the
fourth finger. Four of the eleven counties border on Saginaw Bay (Lake Huron)
and all drain into the Bay.
Table 66 indicates the relative proportions of materials usage in the
planning subarea as compared to the total U.S. Great Lakes Basin.
Table 66
MATERIALS USAGE BASIN RELATIONSHIP -— PSA 3.2 T0 GREAT LAKES
Per harvested acre of cropland Planning Subarea 3.2 Great Lakes Basin
Lbs of chemicals applied 2.52 2.66
Index of chemicals applied 95 100
Tons of livestock manure defecated 2.35 3.37
Index of manure defecated 70 100
Lbs of primary nutrients in livestock manure 57 82
Index of primary nutrients in manure 70 100
Lbs commercial fertilizer applied 398 321
Percent liquid fertilizer applied 16 22
Index commercial fertilizer applied 124 100
Lbs primary nutrients in commercial fertilizer 195 153
Index primary nutrients in commercial fertilizer 127 100
Lbs of lime applied 30 170
Index of lime used 18 100
Per acre of total land area
Lbs road salts used 32.23 41-74
Index road salts used 77 100
To Convert From IQ ‘ MUIti 1 B
Pounds (1b) Kilograms (kg) 0-454
Tons (ton) Kilograms (kg) 907'2
0.907
Metric Tons
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Materials Usage
Table
67
lists
by
county
the
material
usage
inventory
for
PSA
3.2.
Table 67
MATERIAL USAGE
(in 1972)
Chemicals
Commercial
LimestOne
Salts
Applied
Applied
To
Livestock
Fertilizer
Purchased
to
all
Crops
Manure
on
CrOpland
or
Applied
Highways
(100
lbs)
(tons)
(tons)
(tons)
(tons)
REAdeZ
Michigan
Bay
5,562.8
100,835
38,333
1,500
9,140
Clare
389.0
147,885
1,814
3,351
6,408
Genessee
1,476.0
287,319
11,931
4,730
17,892
Gladwin
472.8
162,902
2,330
557
3,495
Gratiot
4,912.9
306,737
39,491
715
3,754
Huron
6,551.0
727,888
55,195
0
3,613
Isabella
2,357.6
421,227
14,915
4,463
4,021
Lapeer
2,682.0
515,092
17,610
4,825
5,394
Midland
1,367.0
123,204
9,062
68
4,445
Saginaw
5,450.1
300,343
48,944
800
9,157
Tuscola
5,825.0
354,522
52,848
1,281
4,592
TOTAL
37,046.2
3,447,954
292,473
22,290
71,909
To
Convert
From
$2
Multiply
By
Pounds
(1b)
Kilograms
(kg)
0.454
Tons
(ton)
Kilograms
(kg)
907.2
Metric
Tons
0.907
Agricultural Chemicals
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Table 68
AT LAKES BASIN PATERYAL Q§§§E INVEST
 
Agricultural Chemicals
PLANNING AREA:
PLANNING SUBAREA:
1‘5 CROPS 19
Amount
Acres Used
Tre Led 100 bs
Crop Group
Bog 5 P15
Inventory Dec. l—Hay 31 June l-Nov. 30
a
Vet Manure Factor: Tons per litter farrowed
He: Hmure Defeated: Tons, 1972
Nutrients in We: Manure: Nitrogen, tons
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Trc
 
, Hanures. Fertilizers, Lime and Highway De—Icing Compounds
  
Lake Y’H in ‘.’)__._____ _ STATE: 35.6h5”§!l _____
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TABLE 8--GROU'ND LIMESTONE EQUIVALENT
         
Phosphorus, tons APPLIED
Patash' tons T Tonnage Tonnage not
Government Government Total
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“55
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Cost
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Cost
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red
Tonn
age
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Number Cattle and Calves T 31 Tonnages for Other Recent Years
Cows s Heifers Heifers, Steers, Primary Nun'ients I -
Year Total Calved Bullsl Calves “Ft” 1 r I ] ] _
1w. 361220 137293 223925
1 am 200298 10:29? 16*?015’
1m 317Loo moo 203900
He: Manure Factor: Tons .
Per
Ani
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6.5
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»:
cow
n
5 m
m
"El mum Dafecated: Tons Purchased Tons lied Per
Tana, x972 3503215 1309350 m s:
We: Manure Defeated: Tons, 1972 Combined: 2512(66
Nutrients in We: Hanure: Nitrogen, tans 15751
Phosphorus, tons 28L“ ._
Potash, tons 114062
  
Sheep 5
Nutrients um:
Nitrogen, tons
Phosphorus, tons
Potash, tons
To Convert From
Pounds (1b)
Acres (acre)
Tons (ton)
signi
As Computed
Horses 5
 
ime : pur
Table 8
Table 9
Sa
lt
s:
Ap
pl
ie
d
on
al
l
hi
gh
wa
ys
,
to
ns
:
(1) .County, land area, acres
 
To Hulriglx Bx includes water areas under
—‘ 1.0 acres in size.
Kilogramﬂg) 0-453
He
ct
ar
e
(h
a)
.h
0h
7
Kilogram (kg) 907.2
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op
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e
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pr
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p
e
c
t
e
d
to
i
n
c
r
e
a
s
e
p
e
r
h
a
p
s
as
m
u
c
h
as
25
p
e
r
c
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op
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re
la
ti
ve
ly
mo
de
st
in
th
is
ar
ea
.
Th
is
re
pr
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at
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ra
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MATERIALS USAGE METHODOLOGY
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n c
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at
io
ns
ex
is
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Table 69
CROPS, PERCENT OF ACRES TREATED WITH CHEMICALS
RATES & KINDS OF CHEMICALS USEDl/
Percent Pounds
  
 
Acres Per
Crop(s) Typea Treated Acre Some of the Major Chemicals Usedb
Corn
H
90
2.75
Atrazine, Alachlor, 2,4-D Butylate,
MEPA
I.
20
1.50
Aldrin, Bux, Chlordane, Carbofuron,
Dyfonate
cr‘in
H
60
.50.
2.4-0,
MCPA,
Dinoseb
(wheat.oats,harloy.ryq) I 20 1.00 Carbaryl, Malathion
Soybeans H 80 2.00 Trifluralin, Dinoseb, Fluorodifon,
» Chloramben, Linuron, Alachlor,
"Chlorbronuron
I 5 1.00 Carbqryl, Malathion
Field beans 3 95 2.50 EPTcg’Trifluraliu, Chloranben.
Fluorodifen
I s 1.00 Carbaryl, Malathion, Agigghogzhxl
Sugar Beets H 95 3.00 Pyrazon, TCA P nugdiphan.
Dalepbn. Endotzzi
I 5 1.00 Carbaryl. Parath , Endoanlfan
Bay or grass silage H 30 1.00 EPIC, MCPA, 2, 4—03, Sineziuo
I 25 1.00 Malathion, Methyoxychlor, Diazinon,
Carbaryl, Azinphoamethyl, Methyl
Parathion, Imidan
Pastured.cropland H 25 1.00 2, 4-D
I 25 1.00 Carbaryl
Potatoes H 90 3.00 Linuron, EPIC, Dinoseb
I 100 11.50 Phorate, Disyston, Carbaryl,
Malathion, Parathion, Azinphoanothyl
F 100 15.00 Difolatan, Bravo, Dinoeeb, Hancozek;
Haneb, Zinc, (activated polyethylene
thiram disulfigg)
Apples H 70 5.00 Simnzine, Paraquat, Terbacil,
Dichlobenil, 2,5—0 ‘ a
1 80 11.75 Guthion, Imidan, Zolone, Sevin,
Phosphamidon, Plictran, Unite,
Kelthane, Gardona
F 80 32.00 Benlate, Cyprex, Captan, Difolaten,
Polyramlrbikar, Haneb
Sweet cherries H 75 4.00 Simazine, Paraquat, Dichlobenil
I 81 5.00 Guthion, Sevin, Inddan. Parathion
F 81 5.00 Difolatan, Captan, Dodine, Bcnouyl,
Sulfur, Dichlone '
Peaches n 60 4.00 Sintzine, Paraquat, Terbacil.
DiChlobenil
-
I
76
6.0
0
Gut
hio
n,
Sev
in,
Par
ath
ion
, T
hio
dan
,
" ‘ ' Imidan
F 70 6.00 Begggzl, Sulfur, Dichlone
Pear
l
8
00
5.00
Sina
zine
, P
arag
uat,
Dich
lobe
nil,
Diuron
I
96
8.0
0
Gut
hio
n,
Thi
odn
n,
Par
ath
ion
,
Imiden, Sevin,'Perthnna
F
96
1.
00
Fe
rb
am
,
St
re
pt
om
yc
in
,
Ba
rd
ee
n:
(copper)
Prunes and plums H 40 3.00 Simazine, Paraquat, Dichlobenil
I
84
5.0
0
Gut
hio
n,
Imi
dan
,
Par
ath
ion
F
84
5.0
0
Ben
omy
l,
Dic
hlo
ne,
Sul
fur
Strawberries H 100 10.00 Diphenamid, DCPA, Chloroxuron
I 90 12.50 Captan, Thiodan
F
10
0
10
.0
0
Ca
pt
an
,
Be
nl
at
e
Blueberries H 85 5.00 Simazine, Diuron, Dichlobonil,
Paraquat
I 85 3.25 Guthion, Malathion
F
10
0
41
.0
0
Ca
lc
iu
m
Cy
an
am
id
,
DN
OS
BP
Grapes H 80 4.00 Simazine, Paraquat, Diuron,
Dichlobeuil
I
90
.
51
.0
0
Fo
lp
et
,
Fe
rb
am
,
Gu
th
io
n,
Ca
pt
an
,
Parathion
A
_
HE
_,
__
__
_1
90
..
17
.5
0
» F
er
ba
m,
Ph
al
ta
n
Sweet corn H 100 2.00 Atrazine, Alachlor, Butylate,
Cyanazine, 2, 4-D
I
80
13
.5
0
Pa
ra
th
io
n,
Se
vi
n,
La
nn
ac
e,
Ga
rd
on
a,
KPH, Dieldrin, Dylox
P 100 .10 Thiram or Captan
145
 
 T I,
‘
   
T
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l
e
6
9
-
C
o
n
t
'
.
 
 
C
a
n
t
a
l
o
u
p
e
H
8
0
6
.
0
0
N
a
p
t
a
l
a
m
,
B
e
n
s
u
l
i
d
e
I
5
0
2
.
0
0
M
e
t
h
o
x
y
c
h
l
o
r
,
S
e
v
i
n
,
T
h
i
o
d
a
n
,
Phosphamidon
F
9
0
1
0
.
0
0
D
i
t
h
i
o
c
a
r
b
a
m
a
t
e
s
,
B
r
a
v
o
,
C
o
p
p
e
r
s
,
Thiram/Captan
A
s
p
a
r
a
g
u
s
H
1
0
0
4
.
0
0
S
i
m
a
z
i
n
e
,
D
i
u
r
o
n
,
D
a
l
a
p
o
n
,
2,
4
—
D
I
90
3.
00
Se
vi
n,
D
i
e
l
d
r
i
n
,
M
e
t
h
o
x
y
c
h
l
o
r
,
Malathion
P
50
5.
00
Di
th
io
ca
rb
am
at
es
,
Th
ir
am
/C
ap
ta
n
S
n
a
p
b
g
a
n
g
E
9
0
2
.
0
0
EP
TC
,
T
r
i
f
l
ur
a
l
i
n
,
D
i
n
o
a
e
b
,
Chloramben
I
5
0
6
.
0
0
S
e
v
i
n
,
P
a
r
a
t
h
i
o
n
,
D
i
a
z
i
n
o
n
,
Dimnthoate
F
7
5
5
.
0
0
D
i
t
h
i
o
c
a
r
b
s
m
a
t
e
s
,
B
r
a
v
o
,
C
o
p
p
e
r
s
,
Th
ir
am
/C
ap
ta
n
-
C
a
b
b
a
g
e
H
1
0
0
3
.
0
0
T
r
i
f
l
u
r
a
l
i
n
,
N
i
t
r
o
f
e
n
,
D
C
P
A
I
1
0
0
4
.
5
0
G
u
t
h
i
o
n
,
D
i
a
z
i
n
o
n
,
L
a
n
n
a
t
e
,
M
o
n
i
t
o
r
,
T
h
i
o
d
a
n
,
3'
!
F
7
5
7
.
0
0
D
i
t
h
i
o
c
a
r
b
a
m
a
t
e
s
,
B
r
a
v
o
,
C
o
p
p
e
r
s
,
Thiram/Captan
C
a
r
r
o
t
s
H
1
0
0
2
.
0
0
L
i
n
u
r
o
n
,
N
i
t
r
o
f
e
n
I
1
0
0
8
.
7
5
S
e
v
i
n
,
P
a
r
a
t
h
i
o
n
,
D
i
a
z
i
n
o
n
P
7
5
1
0
.
0
0
D
i
t
h
i
o
c
a
r
b
a
m
a
t
e
s
,
B
r
a
v
o
,
C
o
p
p
e
r
s
,
Thiraglgaptan
C
a
u
l
i
f
l
o
w
e
r
E
1
0
0
3
.
0
0
T
r
i
f
l
u
r
a
l
i
n
,
N
i
t
r
o
f
e
n
'I
1
0
0
4
.
5
0
G
u
t
h
i
o
n
,
D
i
a
z
i
n
o
n
,
L
a
n
n
a
t
e
,
'
M
o
n
i
t
o
r
,
T
h
i
o
d
a
n
,
B
T
F
7
5
7
.
0
0
D
i
t
h
i
o
c
a
r
b
a
m
a
t
e
s
,
B
r
a
v
o
,
C
o
p
p
e
r
s
,
T
h
i
r
a
m
/
C
a
p
t
a
n
.
C
u
c
u
m
b
e
r
s
E
1
0
0
6
.
0
0
N
a
p
t
a
l
a
m
,
B
e
n
s
u
l
i
d
e
,
C
h
l
o
r
a
m
b
a
n
,
Dinoseb
I
5
0
3
.
0
0
M
e
t
h
o
x
y
c
h
l
o
r
,
S
e
v
i
n
,
D
i
e
l
d
r
i
n
,
Parathion
F
5
0
1
0
.
0
0
D
i
t
h
i
o
c
a
r
b
a
m
a
t
e
s
,
B
r
a
v
o
,
C
o
p
p
e
r
s
,
Thiram/Captan
L
e
t
t
u
c
e
H
w
1
0
0
6
.
0
0
C
D
E
C
,
C
h
l
o
r
p
r
o
p
h
a
m
I
1
0
0
1
8
.
0
0
S
e
v
i
n
,
P
a
r
a
t
h
i
o
n
,
L
a
n
n
a
t
e
,
Thiodan, 81'
F
75
8
.
0
0
D
i
t
h
i
o
c
a
r
b
a
m
a
t
e
s
l
r
T
h
i
r
a
m
/
C
a
p
t
a
n
O
n
i
o
n
s
H
1
0
0
1
2
.
0
0
C
D
A
A
,
C
h
l
o
r
p
r
o
p
h
a
m
,
N
i
t
r
o
f
e
n
,
Chloroxuron
I
1
0
0
6
.
0
0
D
a
s
a
n
i
t
,
D
y
f
o
n
a
t
e
,
D
i
a
z
i
n
o
n
,
Parathion, Malathion
F
75
1
0
.
0
0
D
i
t
h
i
o
c
a
r
b
a
m
a
t
e
s
,
B
r
a
v
o
,
C
o
p
p
e
r
s
,
Thiram/Captan
G
r
e
e
n
p
e
p
p
e
r
s
H
1
0
0
3
.
0
0
T
r
i
f
l
u
r
a
l
i
n
,
D
i
p
h
e
n
a
m
i
d
I
10
0
35
.0
0
Se
vi
n,
Di
br
om
;
Sy
st
ox
,
Di
me
th
oa
te
,
Diazinon
F
50
10
.0
0
Di
th
io
ca
rb
am
at
es
,
Co
pp
er
s,
Thiram/Captan
To
ma
to
es
E_
10
0
3.
00
Tr
if
lu
ra
li
n,
Di
ph
en
am
id
,
Ch
lo
ra
mb
en
I
25
1.
50
Di
ox
in
on
.
La
nn
at
e,
3T
.
Gu
th
io
n,
Thiodan
P
90
10
.0
0
Di
th
io
ca
rb
am
at
es
,
Co
pp
er
.
Br
av
o
Ce
le
ry
H
10
0
3.
00
CD
EC
,
Ni
tr
of
en
,
Pr
om
et
ry
ne
,
Linuron
I
10
0
18
.0
0
Se
vi
n,
Pa
ra
th
io
n,
Sy
st
ox
,
Di
br
om
.
Phosdrin
F
10
0
16
.0
0
Di
th
io
ca
rb
am
at
es
,
Co
pp
er
,
Br
av
o,
Dyrene
Gr
ee
n
pe
as
H
10
0
2.
00
Pr
op
ac
hl
or
,
Di
no
se
b,
Tr
if
lu
ra
li
n
I
10
0
2.
00
Pa
ra
th
io
n.
Sy
st
ox
,
Di
me
th
oa
te
,
Malachion, Diazinon
F
50
6.
00
Di
th
io
ca
rb
am
at
es
,
Co
pp
er
,
Br
av
o
Wa
te
rm
el
on
H
80
6.
00
Na
pt
al
am
,
Be
ns
ul
id
e
I
50
2.
00
Me
th
ox
yc
hl
or
,
Se
vi
n,
Th
io
da
n,
Phosphamidon
F
50
10
.0
0
Di
th
io
ca
rb
am
at
es
,
Br
av
o,
Co
pp
er
s,
Thiram/Captan
an
-
He
rb
ic
id
es
I
-
In
se
ct
ic
id
es
F
-
Fu
ng
ic
id
es
b
ma
ny
ch
em
ic
al
sc
ie
nt
is
ts
be
li
ev
e
th
at
"c
ar
ry
ov
er
"
in
th
e
us
e
of
he
rb
ic
id
es
an
d
'p
er
si
st
en
ce
"
in
th
e
us
e
of
in
se
ct
ic
id
es
ma
y
be
la
rg
el
y
el
im
in
at
ed
in
th
e
ne
xt
fi
ve
ye
ar
s.
Th
is
me
an
s
th
at
so
me
ch
em
ic
al
s
no
w
in
co
mm
on
us
e
wi
ll
pr
ac
ti
ca
ll
y
di
sa
pp
ea
r
an
d
th
e
ne
w o
ne
s
ha
vi
ng
low
,
if
any
,
re
si
du
es
wi
ll
be
em
er
gi
ng
.
kilograms (kg) - pounds (1b)
hectare (ha)
x 0.454
ki
lo
gr
am
s
(k
g)
-
to
ns
(t
on
)
x
90
7.
2
- acres (acre) x 0.405
me
tr
ic
to
ns
-
to
ns
(t
on
)
x
0.
90
7
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Chemical Information
 
It is estimated that the combined amounts of herbicides, insecti—
cides and fungicides represents approximately two—thirds, or, at the
most three quarters, of all the chemicals used directly on crops by
farmers in the 191 counties in the Great Lakes Basin. This does not
include chemicals used for livestock pesticide control, nor that used by
rural homeowners. It does not include any chemicals used by the govern—
ment or industry in agriculturally related experimental or testing work.
The following tables show the percent of crop acres treated; the
rates applied per acre, and the major chemicals used. The information
has sufficient breath of relevancy to permit use in all the counties. The
acreages of general farm crops are available by county from the reports of
the state statistical reporting services, except for pastured cropland for
which only the 1969 Census figures are available. In most instances
vegetable acreages were obtainable on a state-wide basis and not on a
countywide basis. Fruit crop production figures are also available on a
state—wide basis but not for counties. Fruit acreage figures were generally
not available.
Taking the total acres of the important vegetable crops in each
state multiplied by the chemical application rates per acre and dividing
by the total acres of vegetables in each state obtains a weighted chemical
figure per acre for all vegetables in each state. A state's 1972 to 1969
ratio times the vegetable acreage, Shown in each county in the 1969 Census,
times the composite vegetable chemical application rates for the state
provides the pounds of herbicides, insecticides and fungicides applied
respectively for vegetables in each county.
Unlike vegetable acreages the fruit acres in each county do not
experience significant fluctuations annually. It was assumed that fruit
acres per county in 1972 was the same as in 1969. A similar procedure
as used with vegetables was followed for fruits. The composite chemical
use rates determined above were applied to the county fruit acreage to
determine the total quantities of herbicides, insecticides and fungicides
used in each county.
Animal Manure Information
In
fo
rm
at
io
n
fr
om
re
se
ar
ch
er
s
pr
ov
id
ed
th
e
es
ti
ma
te
s
of
th
e
to
ns
of
ma
nu
re
de
fe
ca
te
d
fr
om
da
ir
y
co
ws
,
ho
gs
,
st
ee
rs
,
an
d
sh
ee
p
of
ce
rt
ai
n
We
ig
ht
s
ov
er
a
fi
xe
d
ti
me
sp
an
.
Bo
th
U.
S.
an
d
st
at
e
ce
nS
us
an
d
cr
op
re
po
rt
in
g
pu
bl
ic
at
io
ns
pr
ov
id
ed
in
fo
rm
at
io
n
on
th
e
nu
mb
er
of
li
ve
st
oc
k.
Ma
nu
re
de
fe
ca
ti
on
fa
ct
or
s
we
re
th
en
de
ve
lo
pe
d
fo
r
va
ri
ou
s
cl
as
se
s
of
li
ve
-
st
oc
k
so
th
at
th
e
li
ve
st
oc
k
nu
mb
er
s
co
ul
d
be
di
re
ct
ly
co
nv
er
te
d
in
to
to
ns
of
ma
nu
re
de
fe
ca
te
d.
Af
te
r
th
e
ma
nu
re
qu
an
ti
ti
es
fo
r
th
e
ty
pe
s
of
li
ve
-
st
oc
k
We
re
de
te
rm
in
ed
,
th
e
qu
an
ti
ti
es
of
pr
im
ar
y
nu
tr
ie
nt
s
——
ni
tr
og
en
,
Ph
os
ph
or
us
an
d
po
ta
sh
-—
in
th
e
ma
nu
re
we
re
th
en
de
ri
ve
d.
The respective tons of animal manure multiplied by the pounds 0?
each primary nutrient per ton of manure Preduced from liveStOCk’ diVIded
by 2000gives the tons of primary nutrients. The following table Shows
the
mul
tip
lie
rs
use
d
for
det
erm
ini
ng
the
amo
unt
of
eac
h p
rim
ary
nut
rie
nt
for each kind of livestock.
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Table 70
ANIMAL MANURE MULTIPLIERS
Tons
of
manure
for
Tons
of
nutrient
each
kind
of
livestock
X
per
ton
of
manure
=
Tons
of
nutrients
Swine
X
.0050
=
Tons
of
nitrogen
"
X
.0014
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.0038
=
Tons
o
f
p
o
t
a
s
h
Cattle
X
.0056
=
Tons
of
nitrogen
"
X
.
0
0
1
0
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.0050
=
T
o
n
s
o
f
p
o
t
a
s
h
Sheep
X
.0140
=
Tons
of
n
i
t
r
o
g
e
n
"
X
.
0
0
2
1
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.
0
1
0
0
=
T
o
n
s
o
f
p
o
t
a
s
h
H
o
r
s
e
s
X
.0069
=
T
o
n
s
o
f
n
i
t
r
o
g
e
n
"
X
.
0
0
1
0
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.
0
0
6
0
=
T
o
n
s
o
f
p
o
t
a
s
h
P
o
u
l
t
r
y
X
.0156
=
T
o
n
s
o
f
n
i
t
r
o
g
e
n
"
X
.
0
0
4
0
=
T
o
n
s
o
f
p
h
o
s
p
h
o
r
u
s
"
X
.
0
0
3
5
=
T
o
n
s
o
f
p
o
t
a
s
h
T
o
C
o
n
v
e
r
t
F
r
o
m
T
o
M
u
l
t
i
p
l
y
B
y
T
o
n
s
(
t
o
n
)
K
i
l
o
g
r
a
m
s
-
(
k
g
)
9
0
7
.
2
C
o
m
m
e
r
c
i
a
l
F
e
r
t
i
l
i
z
e
r
I
n
f
o
r
m
a
t
i
o
n
C
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
c
o
n
s
u
m
p
t
i
o
n
i
n
t
h
i
s
s
t
u
d
y
r
e
p
r
e
s
e
n
t
s
a
l
l
c
o
m
m
e
r
c
i
a
l
f
e
r
t
i
l
i
z
e
r
m
a
t
e
r
i
a
l
s
o
r
p
r
o
d
u
c
t
s
s
o
l
d
o
r
s
h
i
p
p
e
d
f
o
r
f
a
r
m
a
n
d
n
o
n
-
f
a
r
m
u
s
e
a
s
f
e
r
t
i
l
i
z
e
r
.
M
a
t
e
r
i
a
l
s
u
s
e
d
i
n
t
h
e
m
a
n
u
f
a
c
t
u
r
i
n
g
o
f
r
e
g
i
s
t
e
r
e
d
m
i
x
e
s
o
r
f
o
r
u
s
e
s
o
t
h
e
r
t
h
a
n
f
e
r
t
i
l
i
z
e
r
a
r
e
e
x
c
l
u
d
e
d
.
T
h
e
U
.
S
.
D
e
p
a
r
t
m
e
n
t
o
f
A
g
r
i
c
u
l
t
u
r
e
a
n
d
t
h
e
S
t
a
t
i
s
t
i
c
a
l
R
e
p
o
r
t
i
n
g
S
e
r
v
i
c
e
f
o
r
e
a
c
h
o
f
t
h
e
e
i
g
h
t
s
t
a
t
e
s
p
u
b
l
i
s
h
A
n
n
u
a
l
S
u
m
m
a
r
i
e
s
.
T
h
u
s
,
f
e
r
t
i
l
i
z
e
r
s
t
a
t
i
s
t
i
c
s
a
r
e
a
v
a
i
l
a
b
l
e
n
a
t
i
o
n
a
l
l
y
a
n
d
b
y
s
t
a
t
e
.
T
h
r
e
e
s
t
a
t
e
s
(
O
h
i
o
,
I
n
d
i
a
n
a
,
a
n
d
I
l
l
i
n
o
i
s
)
p
r
o
v
i
d
e
c
o
u
n
t
y
f
e
r
t
i
l
i
z
e
r
s
u
m
m
a
r
i
e
s
.
T
h
e
f
e
r
t
i
l
i
z
e
r
u
s
e
d
o
n
C
l
a
s
s
I
—
V
f
a
r
m
s
b
y
c
o
u
n
t
i
e
s
i
s
a
v
a
i
l
a
b
l
e
f
r
o
m
t
h
e
1
9
6
9
U
.
S
.
C
e
n
s
u
s
o
f
A
g
r
i
c
u
l
t
u
r
e
.
F
e
r
t
i
l
i
z
e
r
u
s
a
g
e
b
y
s
t
a
t
e
f
o
r
1
9
7
2
w
a
s
a
v
a
i
l
a
b
l
e
f
r
o
m
b
o
t
h
t
h
e
U
.
S
.
D
e
p
a
r
t
m
e
n
t
o
f
A
g
r
i
c
u
l
t
u
r
e
a
n
d
t
h
e
T
e
n
n
e
s
s
e
e
V
a
l
l
e
y
A
u
t
h
o
r
i
t
y
.
T
h
e
m
a
n
n
e
r
o
f
d
i
s
t
r
i
b
u
t
i
o
n
—
—
W
h
e
t
h
e
r
b
a
g
g
e
d
,
b
u
l
k
o
r
l
i
q
u
i
d
—
—
a
s
w
e
l
l
a
s
t
h
e
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
t
o
n
n
a
g
e
s
w
e
r
e
a
l
s
o
a
v
a
i
l
a
b
l
e
f
o
r
e
a
c
h
s
t
a
t
e
.
T
h
i
s
m
a
d
e
i
t
p
o
s
s
i
b
l
e
t
o
c
a
l
c
u
l
a
t
e
t
h
e
a
p
p
r
o
x
-
i
m
a
t
e
t
o
n
s
o
f
f
e
r
t
i
l
i
z
e
r
u
s
e
d
,
t
h
e
a
m
o
u
n
t
s
l
i
q
u
i
d
o
r
d
r
y
,
a
n
d
t
h
e
a
m
o
u
n
t
s
o
f
p
r
i
m
a
r
y
n
u
t
r
i
e
n
t
s
u
s
e
d
b
y
c
o
u
n
t
y
.
Lime Information
Lime usage information was not readily available from either the 0,5,
Department of Agriculture Statistics Reports or from most of the State
Statistical Reporting Services.
The U.S. Department of Agriculture,
Agricultural Stabilization and Conservation Offices provided information
showing the tons that the government cost-shared in each state, but not the
total tons applied.
Michigan:
County
information
was
obtained
from
the
Michigan
Agricultural
Stabilization and Conservation Office.
Both the cost—shared amounts and tons
not cost—shared were available by county for 1972.
Road De-Icing Information
 
The Michigan
Highway
Department
provided
information
from their
files
showing the tons of road de-icing salts purchased through the Michigan
State Highway Department and used
in each of the 83 Michigan counties for
year l972—73.
It was the opinion of Michigan Highway Officials that these
sales represent 100 percent of the salts used on federal and state highways
in a county,
about
50 percent of that used on county roads and about 33
percent of that used by municipalities within a county.
Therefore, to
obtain the total amount used, the county purchases were doubled, municipal
purchases multiplied by 3.33, and these sums were then added to the state
purchases.
Highway officials believe this represents the most reasonable approach
to estimating the total tonnage applied.
With these relationships established
and the information provided by the states for each county, the total tons
applied on all highways in the counties for l972—73 was established.
This
figure is shown in each county report along with the state purchased figure
for each county.
It was possible to obtain county information for Michigan for 3 years,
1970-71, 1971—72, l972—73.
It was possible to obtain the "Tons of Salts
Applied Per 'E' miles of Highway" for each of these 3 years. An 'E' mile
of highway is equivalent
to a mile of two-lane highway.
The procedure used in Michigan to determine the total salt tons
applied per county was applied to other counties in the other Basin states,
and it is believed that the results do represent to a reasonable degree
the salts applied in the Great Lakes Basin. The index developed to show the
pounds of road salts used in a study area as compared to the U.S. Great
Lakes Basin as a whole used the per acre relationship to the total land
area and not
the
per
harvested
acre
of
cropland.
‘
149
  
   
REFERENCES
Doneth, John (sponsored by USDA—Soil Conservation Service),
Materials Usages, January 1975
SECONDARY REFERENCES
 
International Joint Commission.
International Reference Group on
Great Lakes Pollution from Land Use Activities—Task A—September,
1974
A8—9 Loehr, Raymond C., Cornell University. "Water Pollution
Problems Associated with Animal Wastes and Intensive
Animal Feedlots in the U.S. Portion of the Great Lakes
Basin," September 1974
Loehr, Raymond.
"Pollution Implications of Animal Wastes."
U.S. Department of Interior Publication.
Page 31, Table 17
(65 X .11 = 7%)
Michigan Department of Agriculture.
Michigan Equine Survey, 1972,
June, 1973.
The County figures for 1972 were updated by Dr. Richard
Dunn of Michigan State University and reported in MSU Farm Science
185
 
Michigan
Crop
Reporting
Service.
Special
Fruit
Survey
Report,
1974
U.S.
Bureau
of
the
Census.
Census
of
Agriculture,
1969.
Vol.
1
Area Reports, Part 13, 14 and 15
 
U.S.
Department
of
Agriculture.
Agricultural
Statistics,
1973
State
Statistical
Reporting
Services.
Annual
Summaries
150
   
 
   
  
FUTURE TRENDS
INTRODUCTION
The detailed study plan of February 1974 for the International Re-
ference Group on Great Lakes Pollution from Land Use Activities called
for an inventory of land use and land use practices with emphasis on
certain trends and projections to 1980, and if possible to 2020. This
section presents what is felt to be the major trends in demographic
and economic activities, land uses, specialized land uses and material
usages for the Lake Huron basin in the near future.
The general purpose of this section is to provide to the PLUARG
effort an indication as to the direction specialized ,land.uses and
materials usages may take in the forthcoming decades. The findings are
summarized in order to provide the background for determining the
magnitude of water qualityproblems likely to result from these activities
in the near future.
General
In order to provide a general frame of reference to the study,
demographic and economic activities projections based upon revised OBERS
Series C and unpublished Series E projections were utilized. These
prov
ided
what
were
felt
to b
e re
ason
able
uppe
r an
d lo
wer
limi
ts w
ithi
n
whic
h po
pula
tion
and
econ
omic
grow
th i
n th
e La
ke H
uron
basi
n ar
e li
kely
to f
all
with
in t
he n
ext
seve
ral
deca
des.
In s
o do
ing,
the
demo
grap
hic
and
eco
nom
ic
pro
jec
tio
ns
pro
vid
e t
he
set
tin
g i
n w
hic
h s
ubs
equ
ent
pro
jec
tio
ns
of
lan
d u
ses
, s
pec
ial
ize
d l
and
use
s,
and
mat
eri
al
usa
ges
wer
e m
ade
.
The
las
t p
ort
ion
of
thi
s s
ect
ion
sum
mar
ize
d t
he
met
hod
olo
gie
s
use
d a
nd
the
rat
ion
al
und
erl
yin
g t
he
dev
elo
pme
nt
of
the
se
pro
jec
tio
ns.
Summary and Conclusions
 
Dep
end
ing
on
the
OBE
RS
Ser
ies
uti
liz
ed,
the
Lak
e H
uro
n
bas
in
wil
l
exp
eri
enc
e
bet
wee
n
a
53
per
cen
t
to
an
88
per
cen
t
inc
rea
se
in
pop
ula
tio
n
by
20
20
.
Gr
ow
th
ra
te
s
wi
ll
no
t
va
ry
gr
ea
tl
y
by
pl
an
ni
ng
su
ba
re
a,
wi
th
th
e
pop
ula
tio
n
of
Pla
nni
ng
Sub
are
a
3.1
gro
win
g
at
a f
ast
er
pac
e
tha
n i
n
the
past.
In
ei
th
er
pr
oj
ec
ti
on
se
ri
es
,
ch
an
ge
s
in
sp
ec
ia
li
ze
d
La
nd
us
es
an
d
ma
te
ri
al
s
us
ag
es
ar
e
no
t
di
re
ct
ly
de
pe
nd
en
t
up
on
ec
on
om
ic
an
d
de
mo
gr
ap
hi
c
tr
en
ds
.
Sp
ec
ia
li
ze
d
la
nd
us
e
tr
en
ds
de
pe
nd
,
in
ad
di
ti
on
,
up
on
av
ai
la
bl
e
te
ch
no
lo
gi
es
,
la
nd
ch
ar
ac
te
ri
st
ic
s,
an
d
sp
ec
if
ic
ec
on
om
ic
fa
ct
or
s
wh
ic
h
ma
ny
ti
me
s
ar
e
no
t
di
re
ct
ly
re
la
te
d
to
th
e
la
rg
er
re
gi
on
al
ec
on
om
y.
Th
e
ec
on
om
ic
as
pe
ct
s
of
cu
rr
en
t
ag
ri
cu
lt
ur
al
pr
ac
ti
ce
s
wi
ll
de
te
rm
in
e
to
a
gr
ea
t
ex
te
nt
tr
en
ds
in
th
e
ty
pe
s
an
d
le
ve
ls
of
ma
te
ri
al
s
us
ed
in
th
e
La
ke
Huron basin throughout the next decade.
Th
e
La
ke
Hu
ro
n
ba
si
n
is
pr
oj
ec
te
d
to
gr
ow
at
a
sl
ig
ht
ly
fa
st
er
pa
ce
th
an
ot
he
r
ar
ea
s
in
th
e
Gr
ea
t
La
ke
s
Ba
si
n.
Th
er
ef
or
e,
th
e
wa
te
r
qu
al
it
y
im
pa
ct
s
ar
is
in
g
fr
om
ch
an
gi
ng
ec
on
om
ic
an
d
de
mo
gr
ap
hi
c
ac
ti
vi
ti
es
,
la
nd
us
e,
sp
ec
ia
li
ze
d
la
nd
us
e
pr
ac
ti
ce
s
an
d
ma
te
ri
al
s
us
ag
e
le
ve
ls
,
co
ul
d
ha
ve
mo
de
ra
te
to
se
ve
re
lo
ca
l
im
pa
ct
s
in
th
e
ne
ar
fu
tu
re
.
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Table 71
POPULATION GROWTH(1)(2)
Lake Huron basin
1970
1980
2000
2020
Series C
1,239,877
1,456,900
1,952,300
2,557,800
Series E
1,239,877
1,390,900
1,678,500
1,891,800
DEMOGRAPHICL
ECONOMIC,
AND
LAND
USE
CHARACTERISTICS
The categories contained in this
section include the projected
resident
population levels,
major
economic
activity
sectors
(agriculture,
mining,
construction,
manufacturing,
transportation and
public
utilites,
trade,
finance,
services,
and
government)
and
major
land
use
activities
(urban
lands,
croplands,
pasture,
forests,
and
other
lands).
The
aim
is
to
provide
a
general
picture
of
what
the
future
may
be
for
these
three
categories.
While
not
exhaustive
in
detail,
these
major
categories
are
seen
as
forming
the
general
background
in
which
the
later
discussions
of
materials
usages
and
specialized
land
usages
take
place.
Population
The
Lake
Huron
basin
has
grown
rapidly
since
1950,
with
the
total
population
increasing
by
almost
50
percent.
The
population
distribution
varies
greatly
between
the
two
planning
subareas.
Planning
Subarea
3.1
has
had
less
than
10%
of
the
total
population
throughout
the
past
two
decades.
It
is
the
least
populous
of
all
15
planning
subareas
in
the
Great
Lakes
Basin.
Nonresidents
swell
the
population
of
this
northern
portion
during
hunting
and
vacation
seasons.
Planning
Subarea
3.2,
which
is
more
heavily
industrilized,
has
grown
at
a
faster
pace
and
contains
90
percent
of
the
total
population
of
the
lake
basin.
Table 72
POPULATION
LEVELS:
1950-1971(2)
m
m
m
m
m
Lake
Huron
basin
844,052
1,082,382
1,218,622
1,239,877
1,256,911
PSA
3.1
108,596
128,385
136,296
142,338
143,566
PSA
3.2
735,456
953,997
1,082,326
1,097,539
1,113,345
Economics
T
h
e
L
a
k
e
H
u
r
o
n
b
a
s
i
n
g
e
n
e
r
a
l
l
y
r
e
g
i
s
t
e
r
s
a
l
o
w
e
r
e
c
o
n
o
m
i
c
s
h
a
r
e
(
e
a
r
n
i
n
g
s
b
y
s
e
c
t
o
r
/
a
r
e
a
p
o
p
u
l
a
t
i
o
n
)
t
h
a
n
t
h
e
G
r
e
a
t
L
a
k
e
s
a
s
a
w
h
o
l
e
.
T
h
e
e
x
c
e
p
t
i
o
n
s
a
r
e
a
g
r
i
c
u
l
t
u
r
e
,
f
o
r
e
s
t
r
y
a
n
d
f
i
s
h
e
r
i
e
s
,
a
n
d
m
a
n
u
f
a
c
t
u
r
i
n
g
w
h
i
c
h
h
a
v
e
a
b
o
u
t
t
h
e
s
a
m
e
e
c
o
n
o
m
i
c
s
h
a
r
e
a
s
t
h
e
B
a
s
i
n
a
s
a
w
h
o
l
e
.
P
e
r
c
a
p
i
t
a
i
n
c
o
m
e
i
s
l
e
s
s
t
h
a
n
t
h
e
B
a
s
i
n
a
v
e
r
a
g
e
i
n
b
o
t
h
p
l
a
n
n
i
n
g
s
u
b
a
r
e
a
s
,
a
n
d
t
h
e
e
m
p
l
o
y
m
e
n
t
/
p
o
p
u
l
a
t
i
o
n
r
a
t
i
o
i
s
l
e
s
s
t
h
a
n
t
h
a
t
o
f
t
h
e
B
a
s
i
n
a
s
a
w
h
o
l
e
.
I
n
b
o
t
h
c
a
t
e
g
o
r
i
e
s
P
l
a
n
n
i
n
g
S
u
b
a
r
e
a
3
.
2
r
a
n
k
s
c
l
o
s
e
r
t
o
t
h
e
a
v
e
r
a
g
e
than PSA 3.1;
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POPULATION, EMPLOYMENT, PERSONAL INCOME AND EARNINGS BY INDUSTRY;
Table 73
1970(2)
 
Population, nidyoar
for cap
its lo
co-o (
1967 “1
1820)
Par capits income Rel. (U.S.-1L00)
Total onploynont
Enployaont/population ratio
Total personal incono
Total oarningo
Agriculturo, forestry & fishnrios
Agriculturo
Forestry and fisheries
C‘
Mining
w
1“till
Coal
Crudo potroloun & natural gas
Non-otalltc. oxcopt fuels
Contract construction
Manufacturing
Food & kindrod products
Tortila I111 products
Apparol 8 othor fabric products
lunbor products 8 furnituro
Paper and alliod products
Printing and publllhln'
musicals and allisd products
Pomlou some
trtlnry notals
isbricatod antalo 5 ordnaneo
Inchinoxy. oacludin; oloctrical
tloctrical aacrlnory & supplies
Soc
tootnotos
at
and of
toblo.
 
Great Lakes
f 29,409,179
‘ 111,069,256
I
.
I
.
o
.
n
o
o
o
o
o
o
o
o
o
s
o
n
o
.
0
n
o
Lake Huron
Basin basin
1
,
2
3
9
,
0
7
7
3,777
3,245
1'09
.785
11.493.713
431,129
.39
.35
4
,
0
2
4
,
2
6
0
3,217,647
67,144
90,696,631
1,121,270
139,401
—
.
6,204
5,392,933
161,657
35,467,905
1,533,860
I
I
I
I
3
8
I
l
I
3
l
l
PSA 3.2
1423338 1,097,539
2,733 3,312
.79
.95
4. 1. 385,528
5,333
.35
3
,
6
3
5
,
2
5
3
2,963,696
65,930s
PSA 3.1
389,007-
248,951*
1,214C'
41c_
6,163b
16,506- 145,151
1,45
9,16
4
 
     
Table 73 Cont'd.
Gr
ea
t
La
ke
s
La
ke
Hu
ro
n
Basin
basin
PSA
3.1
PSA
3.2
-.
_.
__
__
__
_.
Mo
to
r
ve
hi
cl
es
5
eq
ui
pm
en
t
1
-
-
Tr
an
sp
or
ta
ti
on
eq
ui
p.
,
ex
cl
.
mt
r.
:
——
-
ve
hs
.
Ot
he
r
ma
nu
fa
ct
ur
in
g
:
_-
-
Trans.,
comm. 5
public
utiliti
es
5,961,1
89
135.616
11.285
124,331
Whole
sale
and r
etail
trade
' 14
,785,
401
475,7
50
47,52
1
428,2
29
Finan
ce, i
nsura
nce &
real
estat
e :
3,909
,791
70,20
0
5,999
a
64,20
1a
Servi
ces
‘ 12
,379,
947
331,9
07
29,61
5
302,2
92
Gove
rnme
nt
. :
11,2
22,0
63
419,
235
48,0
13
371,
222
Feder
al go
vernm
ent
-
:
1.924
.323
37,86
8
5,895
31,97
3
‘
Stat
e-an
d lo
cal
gove
rnme
nt
:
3,54
3,99
9
343,
661
38.0
03
305.
658
Arme
d fo
rces
:
653,
032
37,7
05
4,11
5
33,5
90
  
1
5
4
 
*Ehployment is for 1960.
a-rep
resen
ts 80
.0 to
99.9
perce
nt of
the t
rue v
alue
d-rep
resen
ts 20
.0 to
39.9
perce
nt of
the t
rue v
alue
b-rep
reoen
tl 60
.0 to
79.9
perce
nt of
the t
rue v
alue
-e-re
prese
nts z
ero t
o 19.
9 per
cent
of th
e tru
e val
ue
c-rep
resen
ts 60
.0 to
59.9
perce
nt of
the t
rue v
alue
s-too
small
to pr
oject
 Agricultural Production
 
The
major
agricultural
crops
grown
in
the
Lake
Huron
basin
in
order
of
rank are:
corn
for
grain,
wheat,
oats,
and
dry
edible
beans. Planning
Subarea
3.1
is
not
extensively
used
for
agriculture,
while
Planning
Subarea
3.2 produces the majority of the crops.
Table 74
AGRICULTURAL PRODUCTION
Current
Normal
Average
(1958—1972)(2)
(1,000's)
Great Lakes
Lake Huron
 
Crop
Units
Basin
basin
PSA 3.1
PSA 3.2
Wheat Bu. 68,514 11,921 619 11,302
Oats Do. 102,135 6,196 908 5,288
Rye Do. 1,624 207 43 164
Barley Do. 2,089 218 30 188
Corn for grain. Do. 349,759 19,721 673 19,048
Corn silage Ton 14,962 1,142 164 978
Soybeans Bu. 65,426 1,981 11 1,970
Dry E.D. beans th. 7,625 4,524 43 4,481
Sugar beets Ton 1,515 995 15 980
Potatoes th. 20,226 2,302 850 1,452
Fruits Ton 1,095 14 7 7
Comm. vegetables th. 46,363 2,290 73 2,217
Alfalfa hay* Ton 8,991 770 202 568
Clover & Timothy
hay* Ton 3,070 97 29 68
Cropland pasture* Ton 699
Improved pasture* Ton
Improvable pasture* Ton
N. Improv. pasture* Ton
*Alfalfa hay equivalents (tons).
To Conver From To Multiglz 32
Tons (ton) Metric Ton 0.907
Hundredweight (cwt) Kilograms (kg) 202-5
Bushels (bu) Hectoliter (h1) 0.352
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8441
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6
7
2901
.2
34
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4
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3
PSA 3.1
,
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4017
.8 ’
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6
4
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2
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2914
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73
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1
‘ PSA .
1‘
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gan
4424.]
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9
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reu
Currently,
in
the
Lake
Huron
basin
63
percent
of
the
cultivated
agricultural
lands
are
in
cropland,
with
row
crops
and
hay
and
pasture
accounting for the major use.
Permanent
pasture
accounts
for
11
percent
and
idled
cropland
26
percent
of
the
total
agricultural
land
used.
Planning
Subarea
3.2
contains
78
percent
of
all
the
agricultural
acreage in the basin.
The
only
categories
in
which
PSA
3.1
has
over
25
percent
of
the
total
acreage
are
hay
and
pasture,
idled
cropland,
and
Sixty
percent
of
the
agricultural
acreage
in
Planning
Subarea
3.1
is
idled
cropland
or
permanent
pasture.
permanent pasture.
Table 77
AGRICULTURAL
ACREAGE
UNDER
CULTIVATION
BY
CATEGORIES:
CURRENT
NORMAL
AVERAGE
(1958-1972)(4)
(1,000 acres)
Specialty Crops
Row Crops
Small Grains
Hay & Pasture
Total Cropland
Idled Cropland
Permanent Pasture
TOTAL
Lake Huron
Basin
115.
983.
379.
560.
2,039.
862.
358.
0
7
5
9
l
l
8
3,260.0
PSA 3.1
10.5
42.9
43.8
182.1
279.3
251.9
173.6
704.8
PSA 3.2
104.5
940.8
335.7
378.8
1,759.8
610.2
185.2
2,555.2
In terms of crops grown, the major harvested acreage is used for
dried edible beans, alfalfa hay, grain corn, and wheat.
edible beans in the Great Lakes Basin.
Huron basin generally supplied under 10 percent of the total Great Lakes
acreage.
This lake basin
supplies about two—thirds of the total crop acreage devoted to dry
With the other crops, the Lake
Land use figures in this section are taken from the Great Lakes
Basin Framework Study, Appendix 13 "Land Use and Management", to be
 
consistent with the trends used, from the same source.
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Table
78
AGRICULTURAL LAND
USE: CURRENT NOR
MAL AVERAGE (1958
—1972)(4)
(1000's)
Crop
Whe
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Oats
Rye
Bar
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. s
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grai
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Cor
n f
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n s
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Soy
bea
n
Dry
E.D.
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Sug
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op
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Lakes
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1,756.3
1,6
95.
9
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44.7
42
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4,369.5
1,
22
0.
8
2,605.5
755.3
124
.8
151
.7
600.1
52
0.
5
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.7
3,
69
9.
1
1,9
21.
1
1,041.6
7,9
47.
4
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93
4.
2
2,245.7
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3,5
04.
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13.6
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7.
0
777.3
421.5
3
,
2
1
6
.
2
11
,5
78
.2
378
.1
908
.8
131
.3
1,418.4
12,9
96.1
Lak
e
Hur
on
 
Acres
256.5
109
.2
7
.
r
\
v
\
<
r
n
\
4.
1.
284.
107.3
9
6
.
8
494.9
71.0
19
.5
13.9
10
.6
2.7
371.9
69
.2
118.1
862.1
2,901.2
67.9
290.9
358
.8
3,2
60.
0
Hectares
PSA 3.1
Acres Hectares
PSA
3.2
Acres
 
10
4
v
—
I
N
H
o
H
r
—
1
0
m
N
o
m
q
u
Q
O
M
N
O
N
K
D
N
w
l
-
ﬁ
l
ﬁ
(
D
H
N
O
H
H
C
D
O
N
H
Q
N
H
O
M
r
—
I
r
-
i
N
O
N
d
‘
251.9
531
.2
36.9
136.7
173
.6
704
.8
\
T
O
Q
D
Q
'
O
N
Q
'
N
H
L
H
O
‘
N
O
r
-
I
r
—
I
H
W
O
N
O
O
‘
<
1
-
N
W
O
C
>
O
¢
N
O
I
D
O
H
H
O
O
©
®
®
r
-
i
l
n
H
o
t
-
4
v
—
i
N
\
T
H
55.3
70.3
285.2
238.2
88.0
Hectares
 
195
.2
N
o
u
o
o
O
v
-
l
o
H
0
N
o
t
n
x
o
o
l
n
a
x
o
o
x
a
o
o
o
q
m
r
—
«
q
o
o
a
N
\
0
0
\
<
a
n
N
O
\
12.5
62
.4
74
.9
1,0
34.
1
1]
Tot
als
may
not
add
due
to
rou
ndi
ng.
 
Alternative Futures
Any specific set of economic, demographic,
and land use projections
is subject to considerable conjecture.
Therefore,
at least two sets of
alternative
futures
are
considered.
The projections
in this
report
are
based on the 1972 Revised OBERS Series C and Series E national economic
and demographic projections.
Population,
personal income,
and cropland
harvested
differences between
the
two
series
are caused
primarily
by
different population growth rate assumptions.
However,
the following
additional
changes
also
contribute
to differences
in the
two
projections.
(l)
The hours worked per year are projected to decline at the rate
of
0.35
percent
per
year
in the
Series E data,
while
Series
C assumed
a
0.25 percent rate.
(2)
The
projected
rate
of
increase in product
per man
per
hour
in
the
private
economy
is
lowered
from 3.0 percent
in the
Series
C
projections
to
2.9
percent
in the
Series
E projections.
(3)
Earning per worker in the individual industries at the national
level
are
projected
to
converge
towards
the
all—industry
rate
more
slowly in the Series E projections than in the Series C projections.
(4)
Income data for 1970 and 1971 and total employment data for
1970 were included in the Series E projections.
This additional information
was not available for the Series C information,
and has caused
some
changes in certain area projections.
(5)
On the basis of the President's 1974 budget message to Congress,
a smaller military establishment has been assumed.
The differences in population growth between the Series C projections
and Series E projections lies mainly in the total fertility rates per
1,000 women assumed to be attained by the year 2005.
For Series C the
total fertility rates per 1,000 women is assumed to be 2,800 by the year
2005 and for the Series E projections the assumed fertility rates per
1,000 women are 2,100 for the year 2004.
The Series E projections move
more quickly towards a near zero population growth level.
Due to the present
character of the age structure of the population, a near zero growth is
not reached until the middle of the 21st Century.
While neither population
trend is an accurate picture of the eventual growth rate in the Lake Huron
region by the year 2020, the probable growth rate will likely fall some-
where in between these ranges.
Demographic Trends
Population projections for the Lake Huron basin range from a
low of 1,390,900 persons to 1,456,900 persons by 1980, based on the Series
C and Series E projections respectively.
By 2020 the population level will
grow between 1.5 times according to Series E projections and 2.1 times
according to Series C projections, based upon 1970 levels. Overall, the
two projections forecast either a moderately increasing population as
contained in the Series E projections, or a rapidly increasing growth
rate, doubling by 2020.
Both planning subareas are projected to grow at about the same
rate. By 2020, Planning Subarea 3.1 will grow88 percent, and PSA 3.2,
87 percent, as projected by Series C. Series E projects a 54 percent
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 '1' —
growth
for
Planning
Subarea
3.1 and
a 52 percent
growth
for
Planning
Subarea
3.2 in the same time period
1970—2020.
This equalization of growth rate
is
in
contrast
to
the
time
period
1950
to
1970.
When
the
growth
rate
in Planning
Subarea
3.1
was
17
percent
less
than
that
in Planning
Subarea
 
3.2.
Table 79
DEMOGRAPHIC PROJECTIONS(1)(2)
1970 1980 2000 2020
 
Series C Series E Series C Series E Series C Series E
Lake Huron basin 1239877 1456900 1390900 1952300 1678500 2557800 1891800
PSA 3.1 142338 164137 163000 215326 197100 279501 218800
PSA 3.2 1097539 1292763 1227900 1730974 1481400 2278299 1673000
 
Economic Trends
Per
capita
income
levels
grow
at
about
the
same
rate
in
both
projections.
This
implies
that
total
personal
income
will
riseat
the
same
pace
as
population
according
to
both
Series
C
and
Series
E.
Per
capita
income
increases
toward
the
United
States
average
in
both
projections.
Planning
Subarea
3.1
shows
the
greatest
increase
in
per
capita
income
in
both
projections,
while
Planning
Subarea
3.2
per
capita
income
is
almost
equal
to
that
of
the
United
States
in
1970
and
rises
only
slightly
to
about
equal
the
United
States
average.
The
relationship
to
the
national
average
is
in
part
dependent
upon
productivity
and
overall
economic
growth,
as
well
as
per
capita
consumption
and
demand.
Although
total
employment
figuresdiffer
in
the
two
projections
based
upon
population
level
expectations,
the
employment
to
population
ratio
shows
only
slight
differences.
The
Series
C
projections
forecast
the
employment
to
population
ratios
increasing
slowly
from
the
1970
level
of
35
percent
to
40
percent
by
2020,
while
Series
E
projects
a
growth
from
35
to
43
percent.
In
both
planning
subareas
the
acceleration
of
the
employment
to
population
level
is
greater
in
Series
E
projections
than
in
the
Series
C
projections.
 
Total
earnings
in
the
Series
E
projections
are
40
percent
less
than
the
Series
C
projections.
With
respect
to
earnings
by
sector,
agricul-
ture
accounts
for
about
one-half
of
one
percent
of
total
earnings
in
both
projections
by
the
year
2020.
Planning
Subarea
3.2
has
the
highest
percentage
of
earnings
from
agriculture
forecasted,
but
still
only
slightly
over
one-half
of
one
percent.
Earnings
in
mining
account
for
less
than
one
percent
of
total
earnings
by
2020
on
both
projections
as
well.
Planning
Subarea
3.1
has
the
highest
percentage
of
earnings
from
this
sector
—-
about
two
percent.
Contract
construction
accounts
for
4
to
5
percent
of
the
total
earnings
in
both
planning
subareas
throughout
the
time
period.
Manufacturing
160
earnings as a portion of total earnings are projected to decline in both
Series C and E. They will decline about 7 to 8 percent overall, from
50 percent of total earnings in 1980 in Series E and 49 percent in Series
C to 43 and 41 percent in Series E and C respectively. The declines are
roughly the same for both planning subareas in both projections, except
for Planning Subarea 3.1 which declines 4 percent in Series C.
The transporation sector is projected to decline slightly in
the Series C projections, but will increase by about one—half of one
percent in Series E projections. Both planning subareas will show this
slight increase in the Series E projection.
The wholesale and retail trade sector earnings as a percentage
of total earnings increases by about one percent in Series C, but
decreases a similar amount in Series E. Total earnings in finance, insurance,
and real estate decreased by about one and one—half percent in Series E,
with an increase in earnings in this sector as a percent of the total
in Planning Subarea 3.1 and a decrease in Planning Subarea 3.2 data for
Series C in Planning Subarea 3.1 is not available. Planning Subarea 3.2
in Series C shows a slight increase in comparison with total earnings.
Both Series C and Series E project increases in the earnings of
the service sector as a percent of the total earnings. The increase is
larger —— from 12 to 20 percent overall -- in Series E. In Series C
the increase is from 12 to 18 percent of the total earnings in the time
period 1980 to 2020. For both projections the greater increase is in
Planning Subarea 3.2. Earnings in the government sector are projected
to increase only slightly in both Series C and E —- from about 12 to
about 13 percent for both. Government earningsare larger in Planning
Subarea 3.1 and the increase forecast is larger here as well, with
government earnings around 27 percent of total earnings by 2020.
Earnings by sector will be relatively stable (less than five
percent increase or decrease) in this lake basin in the coming decades.
An exception to this is manufacturing which will decline about 7 to 8 per-
cent in both projections and services which will increase from 6 to 8 per—
cent depending upon the projection series selected.
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Table 80
POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS BY INDUSTRY; 1970, 1980, 2000, 2
LAKE HURON BASIN — SERIES C
1970 1980
Population. midyear 1239877 1456900
Per capita income (1967 dollars) 3245 4728
Per capita income Rel. (0.8.31.00) .785 .99
Total employment
431129
553600
Employment/population
ratio
.35
.38
Total personal income 4024260 6888200
Total earnings 3217647 5494100
Agriculture. forestry & fisheries 6204 80900
AgriCulture
80000
Forestry and
fisheries
(8)
Mining
67144
25500
Metal
Coal
Crude
petroleum
&
natural
gas
6900
Nonmetallic,
except
fuels
18500
Contract
construction
161657
262500
Manufacturing
1533860
2688600
Food
&
kindred
products
55800
Textile
mill
products
3000
Apparel
& other
fabric
products
(9)
Lumber
products
6
furniture
(D)
Paper
and
allied
products
(D)
Printing
and
publishing
33700
Chemicals and allied products
294400
Petroleum
refining
18300
Primary
metals
197900
Fabricated metals
&
ordinance
274800
Machinery,
excluding
electrical
125300
Electrical
machinery
G
supplies
(D)
Motor
vehicles
6
equipment
1456100
Transportation
equip.,
excl.
mtr.
vehs.
(D)
Other
manufacturing
69100
Trans.,
comm.
&
public
utilities
135616
218800
Wholesale
and
retail
trade
475750
79100
Finance,
insurance
&
real
estate
70200
(D)
Services
331900
S‘AZOO
419175 646400
Government
Federal government
State and local government
Armed forces
37705
38700
33%
1952300
3204
.99
767100
.39
16017000
12523500
99900
98500
(S)
44100
9400
34600
608400
5599300
106700
6000
(D)
(D)
(D)
81000
677600
34100
343800
748900
263200
(D)
2786400
(D)
155700
490700'
1889500
(D)
1859100
1601100
72200
2020
slur
2557800
14129
.99
1026100
.40
36139100
27996900
174000
171900
(5)
78100
12300
65700
1375600
11539300
197200
12200
(D)
(D)
(0)
189800
197200
62800
587300
1839700
542800
(D)
5309100
(D)
341200
1091100
4394800
(D)
5888700
3666300
129000
*Employment is for 1960
e-Represents
80.0
to
99.9
percent
of
the
true
value
b—Represents
60.0
to
79.9
percent
of
the
true
value
c-Represents
20.0
to
39.9
percent
of
the
true
value
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(l)
(1)
POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS BY INDUSTRY; 1970, l980,2000,2020
I’SIX :3. l
‘020
ﬂ
1’...
3.0.09
32?!
"
Population, Midyear
142338
164137
215326
279501
Per capita income (1967 dollars) 2733 4143 7341 13033
Per capita income Rel. (U.S.-1.00)
,79
.37
.39
.91
Total employment
45601
61606
82263
109860
Employment/population ratio
.32
_38
_33
.39
Total personal income
389007
599430
1472110
3462820
Total earnings
248951
455420
1133564
2698114
Agriculture, forestry & fisheries
1214c
3620
6180
10860
Agriculture
3020
5130
8900
Forestry and fisheries
(s)
(5)
Mining
41c
18550
34380
64840
Metal '
Coal
Crude petroleum & natural gas
Nonmetallic, except fuels
Contract
construction
16506
(D)
(D)
(D)
Manufacturing
74696
126521
288480
651610
Food & kindred products
(S)
(S)
(S)
Textile mill products
Apparel & other fabric products
(D)
(D)
(D)
Lumber products & furniture
8500
19000
41100
Paper and allied products
(D)
(D)
(D)
Printing and publishing
1660
3320
6790
Chemicals and allied products
(S)
(S)
(S)
Petroleum refining
Primary metals
4980
8750
14900
Fabricated metals & ordinance
18400
55490
148840
Machinery, excluding electrical
16900
25640
41020
Electrical machinery 5 supplies
(D)
(D)
(D)
Motor vehicles & equipment
(S)
(S)
(5)
Transportation equip., excl. mtr.
vehs.
(D)
(D)
(D)
Other manufacturing
34840
76154
162560
Trans., comm. & public utilities
11285
18550
47350
113550
Wholesale and retail trade 47521 87300 224840 557200
Finance, insurance & real estate
5999A
(D)
(D)
(3)
Services 29615 55950 145220 350600
Government 48013 109000 296620 725800
Federal government 5895
State and local government 38003
Armed forces
4115
4070
5580
7990
*Employment is for 1960
a-Reprcsents 80.0 to 99.9 percent of the true value
b-Represents 60.0 to 79.9 percent of the true value
c—Represents 20.0 to 39.9 percent of the true value
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Table 81
 
'
2
POPULATION, EMPLOYMENT, PERSONAL INCOME, AND EARNINGS BY INDUSTRY, 1980, 2000, AND 2020( )
SERIES E
LAKE HURON BASIN
PSA 3.1
PSA 3.2
1970
1980
2000
2020
1970
1980
2000
2020 1970
1980 2099 2020
population, midyear
1239877 1390900 1678500 1891800 142338 163000 197100 218800 1097539 1227900 1481400 1673000
Per capitn income (1967 dollars) 3245 4700 8100 13400 2733 3900 7000 3312 6800 8300 13600
Per capita income Rel. (u.s.=1.00) .785 1.00 1.00 1.01 .79 .84 .87 .91 .95 100 1.02 1.03
Total employment
431129 552700 706700 803100 45601 60400 78400 89400 385528 492300 628300 713700
Employment/population ratio .35 .40 .42 .43 .32 .37 .40 .41 .35 .40 .42 .43
— - - —
—
- — — - — — IN THOUSANDS or DOLLARS — — - — - — - — — — —- — — ~ — — — — ~— — — — — — - -
Total personal income
4024260 6535000 13623900 25308700 389007 639800 1388800 2619800 3635253 5895200 12235100 22688900
Total earnings
3217647 5302900 10796200 19811500 248951 393600 873000 1692700 2968696 4909300 9923200 18118800
Agriculture, forestry G fisheries 67144 74400 84100 104400 1214c (s) (s) (s) 65930a 74400 84100 104400
Agriculture
‘ 73900 83400 103700
' (8)
(6)
(8)
- 73900 83400 103700
Forestry and fisheries
- (s)
(s)
(s)
- (s)
(s)
(s)
- (s) (s) (R)
Mining
5204 23300 32200 43500
41c 17500 26000 37200 6163b 6300 6200 6300
Metal
‘
- -
-
Coal
—
—
_
_
—
_
_
_
_
_
_
Crude petroleum a natural gas
- 7700 9300 11500 - (B) (9) (8) ~ 7700 9300 11500
Nonmetallic, except fuels
- 15800* 22600* 31600‘ - 15800 22600 31600 — (s)* (s)* (s)*
Contract construction
161657
249800 495600
881200
16506
21700
47200
88700
145151 228100 448400 792500
 
Manufacturing
1533360 2632200 4969200 8472000
74696 107700
203900
353000 1459164 2524500 4765300 8119000
Food 6 kindred products
-
50500
83600
128600
—
(B)
(a)
(8)
-
50500 83600 128600
Textile mill products
-
(8)
(a)
(S)
-
'
'
'
‘
(9)
(9)
(8)
Apparel 6 other fabric products
-
5500
8800 13500
-
2200
4300
7500
-
3300 4500 6000
Lumber products 6 furniture
-
l6400
25700
38800
-
9700
16700
26900
-
6700
9000
11900
Paper and allied products
—
25600*
49600*
84900*
—
25600*
49600*
84900*
—
(e)*
(8)*
(87*
Printing and publishing
-
34600
75300
141700
-
1700
3100
5300
-
32900
72200 136400
Chemicals and allied products
-
261300
525300
940300
‘
(8)
(a)
(s)
—
261300 525300 940300
Petroleum refining
-
18000
31100
48400
-
-
—
-
—
18000
31100
48400
Primary metals
-
190800
292700
416000
-
3700
6100
8900
-
187100 286600 407100
Fabricated metals 6 ordinance
-
222800 439000
765800
-
11100
23700
43500
-
211700 415300 722300
Machinery, excluding electrical
-
83800
129500
198900
-
15000
17400
20900
-
68800 112100 178000
Electrical machinery 6 supplies
-
49400
110500
209700
-
6500
17700
37500
-
42900
92800 172200
Motor vehicles 6 equipment
1588500 3049100 5237400
-
(8)
(s)
(5)
1588500 3049100 5237400
Transportation equip.. excl. Itr.
—
20900
28000
37800
—
(s)
(s)
(a)
20900
28000
37800
vehs.
Other manufacturing
1
6
5
62200 118800 207800
— 27100 52600 93300
35100 66200 114500
Trons., comm. 8 public utilities
135616 211900 457100 875600
11285 19300
48700 100300 124331 192600 408400 775300
thlelale and retail trade
475750 718600 1371300 2380488
47521 79500 172400 326500 428229 638500 1198900 2054000
Finance, insurance 6 real estate
70200 126600 303400 610700
59993 12500
36600
85600 642013 114100 266800 525100
Services
331907 624000 1707800 3868700 29615 50300 123000 251000 302292 573700 1584800 3617700
3 557100 1100800 1125f30
42800 80500 149400
3
73
58 476800 1012700 1858100
90 37300 67600 118200
Government
419235 640800 1373600 1572400
48013 63700 212800
44
Federal government
37868
50400 96500 181600
5895 7600
16000
3'
State and 10cal government
343661 549300 1204200 2265400 38003 72500 191500 40
Armed forces
37705 40900 72600 125200
4115 3600
5000
7000
"Employment is for 1960
a—ﬂopresants 80.0 to 99.9 percent of the true value
b-lcpr ont- 60.0 to 79.9 percent of the true value
c-Inpronentl 20.0 to 39.9 percent of the true value
NOTE:
Asterisk! design-to opocinl consideration in categories due to the unequal dispersion of
related industries.
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Agricultural Trends
Grain corn, wheat, and dried edible beans will continue to be
major crops produced in the Lake Huron basin, based on both the Series C
and E projections for the time period 1970 to 2020. Oats will decrease
in importance in both projections and soybeans will increasein importance.
All crops increase in production throughout the time period in Series C,
except for oats which decrease in the period 2000 to 2020.
Percentage increase or decrease in the production levels of
each planning subarea are roughly equal to the increase or decrease in the
Basin as a whole. One exception is grain corn, which shows a moderate
increase in Planning Subarea 3.2 as compared to 3.1 in Series C, but
in Series E shows a much greater increase in Planning Subarea 3.1. Dried
edible beans in Planning Subarea 3.2 or the basin as a whole. Barley
increases in Planning Subarea 3.2 in the Series C projections, but declines
to zero for the same subarea in Series E.
The major differences between the two projections are in soy-
beans and wheat. Wheat is projected to grow by 167 percent in Series C,
but decline by 37 percent in Series E. Soybeans registera significant
gain in production in Series E —— about 5 times the current normal
average -- but grow by about three times in Series C.
Livestock Trends
Tables 84 and 85 present the livestock products from OBERS Series
C and E data.
For Series C all livestock production is projected to
increase throughout the time period 1980—2020.
In contrast, Series E
projects a decline in all production except beef and veal, and turkeys
for the same time period.
With Series C each planning subarea's share of the Lake Huron
total projected output remains constant.
In Series E the only area where
projected shares vary greatly is broilers, and this is due to the zero
production level projected by 2020.
Planning
Subarea
3.2
will
produce
the
bulk
of the
livestock
in
both projections.
The only
exception
is broilers in
the
Series
C projections,
where
Planning
Subarea
3.1
is
expected
to
have
about
88
percent
of
the
total
production
throughout
the
time
period.
Planning
Subarea
3.1
will
have
22
to
32
percent
of
the
beef
and
veal
produced,
8
to
10
percent
of
the
pork,
29
to
32
percent
of
the
lamb
and
mutton,
and
10
to
12
percent
of
the
chicken
produced.
As
mentioned
above,
Planning
Subarea
3.1
will
have
0
to
88
percent
of
the
broilers,
depending
on
the
projection
series
used,
from
13
to
28
percent
of
the
turkeys,
29
percent
of
the
milk
produced.
Planning
Subarea
3.2
will
have
the
remaining
production
of
livestock throughout the time period.
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C
(1,000
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Wheat
Oats
Rye
Barley
Corn
for
grain
Corn
silage
Soybeans
Dry
E.D.
beans
Sugar beets
Potatoes
Fruits
Comm.
vegetables
Alfalfa
hay*
Clover
6
Timothy
hay*
Cropland
pasture*
vaproved
pasture*
Improvablc
pasture*
N.
Improv.
pasturc*
Units
Bu.
Bu
.
Bu
.
Bu.
Ton
Bu.
Bu
.
Out.
Tons
Cut.
T
o
n
.
Ton
LAKE
HURON
BASIN
PSA
3.1
Current
Normal
Current
Normal
1980
2000
2020
1980
2000
2020
1,049
1,334
1,867
1,984
1,162
1,206
5,
25
25
34
118
121
113
38,931
673
697
514
994
19,
2,795'
164
189
337
533
7,934
11
0
o
0
1,
13,011
43
171
301
504
4,
995
2,157
3,538
5,480
15
36
59
91
2,302
2,754
3,769
5,253
850
530
580
606
1,
14
9
13
18
7
2
3
4
1,990
2,823
4,190
7,338
73
109
119
137
1,
770
830
-
1,083
1,356
202
227
310
433
97
112
137
176
29
41
45
63
NA
142
181
303
NA
49
57
130
661
150
171
661
83
97
137
306
352
137
145
168
10,549
16,625
6,196
13,174
207
225
218
994
19,721
22,500
1,142
1,307
1,981
3,659
4,524
7,337
22,083
10,698
314
1,148
2
7
,
6
4
3
2,249
5,402
9.770
28,137
619
5,008
908
457
43
1,238
30
Current
Normal
9,930
288
164
188
048
978
970
481
980
4
5
2
7
91
7
568
68
NA
PSA 3.2
1980
15,576
11,190
200
876
21,803
1,118
3
,
6
5
9
7,166
2,121
2,224
7
2,714
603
7
1
93
2000
2
0
,
7
4
9
9,536
289
1,027
27,129
1,912
5,402
9,469
3,4
79
3,189
10
4,071
7
7
3
9
2
124
67
161
2
0
2
0
26,270
3,802
423
1,125
37,937
2,262
7,934
12,507
5,389
4,647
14
7,201
923
113
1
7
3
74
184
*Alfalfa
hay
equivalents
(tons).
**Lesa
than
500
units.
 
To
Convert
From
12
Kilogram:
(kg)
Metric
ton
Kilograms
(kg)
Hectolitre
(hl)
Multiplx
B!
907.2
0.907
202.5
0.352
Tons
(ton
Hundredwetght
(cut)
Bushela
(bu)
 1
7
0
 
Tabl
e 83
CROP
PRODU
CTION
PROJE
CTION
S FO
R 198
0, 2
000,
2020
SERI
ES E
(1,
000
uni
ts)
(2)
Cr
oE
Wheat
Oats
Rye
Barley
Corn for grain
Corn silage
Soybeans
Dry E.D. beans
Sugar beets
Potatoes
Fruits
Comm. vegetables
Alfalf
a hay*
Clover & Timothy hay*
Cropland paetute*
Improved pasture*
Improvable pasture*
N. Inpro
v. pastu
re*
Ton
Cu
t.
Ton
To
n
Ton
Ton
Ton
Ton
LAKE
HURO
N B
ASIN
Current
Normal
11,
921
6,1
96
20
7
218
19,
721
1,1
42
1,981
4,524
995
2,302
14
2,290
770
97
1980
11,169
6,6
14
204
15
1
34,
550
1,411
4,665
5,9
39
1,7
02
2,6
73
1
5
2,150
66
0
9
1
142
123
308
2000
9,6
77
7,3
93
19
7
33
50,376
1,773
12,419
7,553
2,321
3,3
63
20
2,076
634
_83
131
150
32
9
2020
7,501
6,1
62
139
69,
750
1,965
12,
580
8,372
2,912
3,9
72
30
2,060
573
a
s
30
3
173
355
PSA
3.1
Current
Norma
l
1980
2000
619
908
43
30
639
1,088
34
33
16 **
673
3,4
72
5,2
15
164
211
265
11
26
50
43
169 1,
008
15
29
40
850 931
7
5
7
73
69
78
202 177 173
29
31
26
49 57
67
83
138 146
55
3
1,217
1,
11,
1,060
1,
2020
429
264
2
3
675
293
59
759
50
09
4
80
143
21
130
9
8
168
Current
Normal
11,302
5,2
88
16
4
188
19,
048
97
8
1,970
4,481
98
0
1,4
52
7
2,217
568
68
PSA 3.2
1980
10,530
5,5
26
1
7
0
135
31,081
1,200
4,639
5,770
1,673
1,742
10
2,081
4
8
3
60
93
56
170
2000
9,
12
4
6.181
16
4
3
3
45,161
1,5
08
12,369
6,645
2,281
2,303
13
1,998
461
57
12
4
67
183
2020
7,072
4,898
11
6
58,075
1,6
72
12,
521
7,613
2,862
2,878
23
1,9
80
430
4
7
173
75
18
7
*Alfalfa hay equivalents (tone).
**Less than
500 units.
To Conve
rt From
Tone (ton
 
Hundredv
eight (c
ut)
Bushel
a (bu)
32
Kilograns (kg)
Metric ton
Kilograma (kg)
Hectol
itre (
h1)
Multiglz B!
907
.2
0.907
202.5
0.352
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L
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B
A
S
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N
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S
A
3
.
1
Livestock
P
r
o
d
u
c
t
i
o
n
U
n
i
t
s
1
9
6
0
1
9
8
0
2
0
0
0
2
0
2
0
1
9
6
0
1
9
6
0
2
0
0
0
2
0
2
0
 
 
B
e
e
f
6
v
e
a
l
L
b
9
9
,
4
9
6
1
7
9
,
5
8
7
2
5
2
,
0
0
6
3
5
4
,
0
3
9
2
2
,
0
1
7
3
9
,
4
6
8
5
5
,
3
8
3
7
7
,
8
0
7
P
o
r
k
Lb
3
6
,
8
4
0
5
4
,
7
8
8
7
5
,
6
2
8
1
0
4
,
9
5
6
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 Land Use Trends
The
projection
of
both
Series
C
and
E
is
that
urban
land
will
increase
and
will
"take
over"
the
other
land
use
categories.
The
primary
impact
will
be
on
cropland
and
pasture
land.
The
major
difference
between
the
two
projections
occurs
with
urban
land.
Series
E projects
a
21
percent
increase
in this
category,
while
Series
C projects
a 37
percent
increase.
The primary
impact
will
be
in Planning
Subarea 3.2,
where
urban
land
use
is
projected
to
grow
between 26 and 46 percent.
Another land use that can be of importance in determining water
quality relationships
is land used for extractive minerals.
Land needs
for this purpose are expected to increase 124 percent by 2020.
The primary
growth in both planning subareas is in sand and gravel production.
Table 88
shows the projected extractive mineral land requirements.
SPECIALIZED LAND USES
 
The following five categories of specialized land uses -— disposal
operations, erosion zones, intensive livestock operations, high density,
nonsewered areas, and recreational lands -- are unique in their specific
land drainage aspects which affect water quality.
The emphasis in this
section is to indicate what relative magnitude of change will be likely to
occur in these land-use operations over the next 20 years.
Because of the
multiplicity of factors affecting their futures, estimates beyond 20 years
entail great uncertainties. Projections have been based in part on the
opinions of experts in the field as to their expectations of the future
near term trends concerning these various land uses.
Disposal Operations
The following four disposal operations -— liquid waste, solid waste,
dredge spoil and artificial fill, and deepwell disposal operations —— form
the major methods for allocating man's nonproduct outputs to the environ-
ment. Overall, the amount of wastes to be disposed of will increase in
the future in response to population and economic changes. As will be seen,
this relationship will vary according to the type of disposal procedure.
Liquid Waste Disposal
 
There are a variety of factors which will affect the future
trend in utilizing land for the disposal of liquid effluents, both from
municipal and industrial concerns. The major limitation in expanding the
amount of liquid waste disposal operations is the amount of land required
for this practice. If population growth expands considerably in the Lake
Huron basinresulting in increasing demand for land, liquid waste disposal
practices will tend to conflict with other economic uses of land. Conse—
quently, liquid waste disposal operations may tend to become less acceptable
practices in the future.
Conversely, if the cost of alternative forms of liquid waste
disposal increase significantly, and if population and economic growth
remain relatively stable, then land treatment systems for liquid wastes
  
 
                                                                       
                                                        
Table 86
LAND USE PROJECTIONS - 1980, 2000, 2020
AREA MEASURED BY COUNTY BOUNDARIES
(4)
SERIES C
(1,000 acres)
LAKE HURON IASIN
PSA 3.1
PSA 3.2
1966-67 1980 200
0 2020 1966-
67 1980 2000
2020 1966-67 1
980 2000 2020
Urban 568.6
629.0 715.9 781.5
179.6 187.9 198.8
212.4 389.0 4
41.1 517.1 569.1
Cropland 2,901.2 2
,869.5 2,823.4 2,791.
0 531.2 530
.1 528.6 526.7
2,370.0 2,339.4 2,294
.8 2,264.3
Pasture 358.8
356.0 352.0 349.0
173.6 173.2 172.7
172.1 185.2
182.8 179.3 176.9
Forest Land 4,109.0 4,
087.3 4,056.5 4,030.
8 2,914.3 2,908
.0 2,899.7 2,889.4
1,194.7 1,179.3 1,156
.8 1,141.4
Other Land 504.3
500.1 494.1 489.6
219.1 218.6 218.0
217.2 285.2
281.5 276.1 272.4
 
Table 87
LAND USE PROJECTIONS — 1980, 2000,
2020
AREA
MEASURED
BY
COUNTY
BOUNDARIES
(4)
SERIES E
(1,000 acres)
1
7
4
 
 
[All “0&1!
PSA 3.1
, PSA 3.2
1966-67 1980 2000 2020 1966-67 1980 2000 2020 1966-67 1980 2000 2020
Urban, 568.6
605.1 668.1 687.7
179.6 184.6 - 192.
7 197.7 389.
0 470.5 475.4
490.0
Cropland 2,901.2 2
,880.5 2,844.7 2,834.
7 531.2 530
.4 529.3 528.5
2,370.0 2,350.1 2,315
.4 2,306.2
Pasture 358.8
357.1 354.0 352.9
173.6 173.4 173.
0 172.7 185.
2 183.7 181.0
180.2
Forest Land 4,109.0 4,
094.9 4,070.8 4,062.
3 2,914.3 2,910
.3 2,903.7 2,899.8
1,194.7 1,184.6 1,16
7.1 1,162.5
Other
504.3 504
.3 504.3
504.3
219.1 219
.1 219.1
219.1
285.2 285
.2 285.2
285.2
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Table
88
(1,6)
PROJECTED EXTRACTIVE MINERAL LAND REQUIREMENTS
(in acres)
 
Clay & Shale
Coal
Gypsum
Iron
Ore
Peat
Sand & Gravel
Stone, Crushed
Stone,
Dimension
Zinclead
TOTAL
LAKE HURON BASIN
PSA 3.1
1968
1980
2000
2020
1968
1980
2000
2020
9
11
20
33
6
7
13
22
13
15
20
28
13
15
20
28
843
896
1,119
1,493
—
—
—
—
209
272
454
760
40
54
89
150
59
78
130
218
51
67
112
187
1,133
1,272
1,743
2,532
110
143
234
387
1968
843
169
1,023
PSA 3.2
1980
896
218
11
1,129
2000
1,119
365
18
1,509
2020
11
To
Convert
From
To
_
Mult 1212
B2
0. 405
 
Hectares (ha)
Acres
(acre)
    
may become an attractive option for many communities and small industrial
concerns. One particularly attractive aspect of liquid waste disposal
operations is the ability to remove pollutants at a rate of efficiency
not usually available without incurring exceptional costs with alternative
disposal systems. In this sense land treatment systems are generally
competitive on a cost effectiveness basis to alternative disposal methods,
assuming that land prices do not increase significantly in all parts of
the basin.
Secondly, there is a possibility that such systems can be used
in various agriculture and silvicultural operations, enhancing the
economic productivity of these operations. Assuming that agricultural
and silvicultural operations will continue to experience high rates of
demand, liquid waste disposal practices may become economically advanta-
geous for growers to include in their operations. This would enhance the
feasibility of using land treatment practices in the future.
However, a limiting factor in the use of liquid waste disposal
practices are the variety of public concerns focusing on the perceived
incompatibility of such practices with alternative land uses, especially
residential activities. Secondly, there are questions concerning the
public health, social, and economic impacts that land treatment systems
may incur upon adjacent areas. If public attitudes towards land treatment
systems focus primarily on the potential adverse effects these systems can
generate, this could limit the acceptability of these treatment systems.
Climatic factors in the more southerly Planning Subarea 3.2 are
more conducive to liquid waste disposal. However, population growth is
greater in this area as well, and this could limit land available for
disposal systems.
Table 89
PROJECTED WASTEWATER FLOWS REQUIRING DISPOSAL(7)(mgd)
 
1970 1980 2000
w Industrial Municipal Industrial Municipal w
Lake Huron basin as 465 111 418 175 262
PSA 3.1 5 12 7 10 12 10
PSA 3.2 80 453 104 408 163 252
To Convert Iron 32 Hultlnll I!
Gallons (3.1) Liter. (1) 3.185
Solid Waste Disposal
The future trends in solid waste disposal will be affected by
three factors.
Per capita waste generation is unlikely to change signi-
ficantly except as it is affected by the amount of disposable goods and
materials generated in economic activities.
The number of waste disposal
sites is likely to diminish as more counties convert to larger sanitary
landfill operations.
Finally, the amount of wastes disposed of into the
environment will be affected to some extent by the amount of materials
recycled back into the economy.
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 The
generation
of
solid
wastes
will
increase
in
line
with
projected
population
trends.
However,
as
economic
growth
continues,
particularly
in
those
areas
with
slower
past
rates
of
growth,
per
capita
disposable
income
will
increase,
with
a
possible
tendency
toward
increas-
ing
amounts
of
solid
waste
generated
per
capita.
It
is
unlikely
that
during
the
next
20
years
per
capita
waste
generation
will
increase signi-
ficantly beyond current levels.
The number
of solid waste
disposal
sites
is
likely
to decrease
over
the
next
10
to
15
years
for
two
reasons.
First,
small
open
dump
and
modified
landfills
are
now
being
closed
in
the
Lake
Huron
basin.
Counties
are forming
larger
regional waste disposal
systems,
relying on
fewer sites with larger capacities
to handle the waste generated in their
area.
With the move towards larger sanitary landfill sites, the number of
disposal sites in the Lake Huron basin will decrease significantly.
However, as a consequence of this policy, the potential severity of impact
these newer sites may have on water quality, if not properly constructed
and sealed, will likely increase several fold due to the increased volume
of wastes contained in these facilities. Thus, it is important to insure
that these larger regional waste disposal sites are given proper engineer—
ing and environmental attention in their design and maintenance in order
to prevent water quality degradation from occurring.
The recycling of waste materials is likely to decrease the volume
of waste requiring disposal in the future. However, recycling so far has
mainly revolved around reusing glass, paper, and metal materials and has
not involved recycling of garbage or general refuse, which are the main
producers of leachates. The recycling of reusable materials, therefore,
is unlikely to affect the amount of leachates produced in sanitary land-
fill sites.
In addition, the closing of open dumps in the Lake Huron basin
in many instances has not involved completely sealing the abandoned sites.
It is likely that contamination from these closed dumps will continue and
may even increase as refuse decays. Although over a long time span the
amount of leachates produced from closed sites will decrease as the
materials decompose, it is unlikely that such a reduction in leachates
will be achieved within the next 10 to 15 years. Attention to these
problems is needed, perhaps by requiring open dumps to be properly
sealed upon their abandonment to prevent leachate contamination of surface
and ground waters.
Table 90
SOLID WASTE DISPOSAL
PROJECTED AMOUNTS OF SOLID WASTE REQUIRING DISPOSAL
(1,000 tons)
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Erosion
Lakeshore
and
riverbank
erosion
are
likely
to
remain
near
their
present
levels.
As
will
be
shown,
however,
each
one
has
its
own
unique
characteristics
affecting
its
future
trends.
With
the
implementation
of
management
strategies,
lakeshore
erosion
could
show
a
moderate
decline
in
the
near
future
in
specific
areas
of
Lake
Huron.
Lakeshore Erosion
Because
lakeshore
erosion
is
tied
to
overall
lake
levels,
future
amounts
of
lakeshore
erosion
will be
affected by
the
level
of
Lake Huron.
The
current
lake
levels,
if
unchanged,
will
continue
present
rates
of
lakeshore
erosion.
However,
it
is
quite
probable
that
the level
of
the
Great
Lakes will
decline within
the next
ten
years,
thus
reducing
the
amount of annual lakeshore erosion in the Lake Huron basin.
Continued
development of structural shoreline protective measures will reduce the
amount of erosion occurring in certain critical areas.
This lake basin
currently has a limited amount of critical lakeshore erosion, according
to economic
loss criteria.
Lakeshore erosion will gradually decrease by
about one percent per year.
In various sensitive shoreline areas, such as the erodible low
plain in the northern portion, and the Saginaw Bay wetlands, increased
recreational development and construction of homes or industry could
increase the occurrence of lakeshore erosion.
Riverbank Erosion
There are several trends affecting the amount of riverbank
erosion likely to occur in the future. With increased development of
land in the Lake Huron basin, the likelihood that erosion of riverbanks
will occur is enhanced if no steps are taken to provide measures either
in the form of land use regulations and/or structural means to curb
riverbank erosion. Rivers and streams will continue their importance
as transporters of nutrients and chemical materials, if preventive measures
are not taken to reduce the amount of sediments and other materials entering
surface and ground waters.
Because of the costs associated with vegetative controls or
structural measures to prevent erosion from occurring, it is unlikely
that streambank erosion rates will significantly decrease in the future,
except insofar as land use management programs may alter land use practices
with the intent of preventing further erosion of streambanks. If such
management measures are effectuated and are successful, then one can
expect some decrease in streambank erosion. Otherwise, present erosion
rates will remain approximately the same throughout the next 10 to 15 years.
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Table 92
TRENDS IN EROSI0N(9)(10)
(in miles)
 
1970 1980 1990
Critical
Severe
Critical
Severe
Cricital
Severe
Lakeshore
Riverbank
Lakeshore
Riverbank
Lakeshore
Riverbank
Lake Huron
basin 8.0 626 7.2 626 65 626
PSA 3.1
7.8
229
7.0
229
6.3
229
PSA 3.2
.2
397
.2
397
.2
397
To Convert From To Multiply By
Miles (mi) Kilometers (km) 1.609
Intensive Livestock Operations
Over the next 10 to 15 years
therewill be a trend towards larger and
more intensive animal feedlots, and a continued demise of small livestock
operations in the Lake Huron basin.
This is in response to the increased
profitability and effectiveness larger livestock operations provide over
smaller ones.
Livestock operations, therefore, will increasingly come to
be viewed as commercial operations rather than as small rural ventures.
Consequently, waste
productionfrom those feedlots will tend to be concen-
trated in particular areas.
Waste disposal systems will need to be main—
tained for water quality.
In this lake basin, Planning Subarea 3.2 has the predominant number
of intensive livestock operations.
Intensive livestock operations are
not as numerous at present as in some of the other lake basins.
The
increase in their number should correspond to the increase in livestock
numbers.
Table 93
PROJECTED
NUMBER
OF
LIVESTOCK
(2)(3)(5)
HELD IN INTENSIVE ANIMAL OPERATIONS
  
Lek» Huron
POULTRY
CATTLE
SH!!!
1970
1980
1990
1970
1980
1990
1970
IND
1990
Series Series Series Series
ﬁles Series Series §et1es
Series Series Series Series
C
I
C
E
C
E
C
E
C
B
C
I
1,107
1,394
1,091
1,655
1,028
134
152
131
180
127
32
38
31
46
31
PSA 3.].
20
30
19
35
17
27
33
35
39
34
2
2
2
3
2
PSA 3.2
1.087
1,365
1,072
1.620
1,011
107
119
96
1‘1
93
30
36
29
‘3
29
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 High
Density,
Nonsewered
Residential
Areas
The
more
heavily
populated
Planning
Subarea
3.2
has
the
lower
per-
centage
of
nonsewered
housing
in
this
lake
basin.
The
percentage
of
households
with
on—site
sewage
disposal
systems
is
projected
to
continue
at
about
the
same
percent
of
the
total
housing
stock.
This
projection
is
predicated
on
the
assumption
that
future
populations
will
continue
the
expansion
into
rural
and
semirural
areas
where
the
development
of
muni-
cipal
sewage
treatment
facilities
will
be
economically
difficult.
There
is
a
possibility
that
in
urban
areas
the
percentage
of
nonsewered
housing
will
decline
slightly
over
time.
With
improved
on—site
sewage
disposal
technologies
and
an
enhanced
ability
for
on—site
systems
to
dispose
of
household
effluent
in
an
environmentally
sound
manner,
the
utilization
of
on—site
disposal
could
increase.
Such
technology,
however,
is
not
foreseen
to
significantly
affect
the
number
of
nonsewered
housing
in
the
near
future.
Likewise,
the
expansion
of
sewage
treatment
plant
facilities
currently
is
limited
by
the
costs
involved
with
providing
secondary
and
tertiary
treatment.
Since
many
plants
are
currently
overtaxed
in
terms
of
their
capacity
to
adequately
treat
the
volume
of
wastes
already
collected,
the
major
investment
in
municipal
treatment
will
continue to
be
concerned
with
sewage
treatment
facilities
rather
than
on improving
the
collection of
municipal wastes.
Continued
development
of
recreational homes
in the
northern
portions
of
the
lake
hisin
are
associated
with
the development
of individual
septic
tank systems.
Table 94
NUMBER OF HOUSEHOLDS
IN HIGH DENSITY NONSEWERED RESIDENTIAL AREAS
(1,000 units)
  
1970 1980 1990
8et1el C Series B Series C Series E
Total Total total Total
Nonsevered ﬂu; [louse-tarot! Urban “answered M Uonsevered Urban Nonsenered Urban
L551?!” 189,663 36,542 222,389 153,050 212 ,119 100,236 259,833 50,612 2311.081 144,392
PSA 3.1 £1.73). 1,907 48,125 2,199 67,9“ 2,055 55,629 2,562 52,956 2,270
PSA 3.2 147,932 36,635 17b,26b 60,851 166,178 38,181 204,206 £7,870 181.125 62.122
Recreational Lands
Recreational activities in terms of days of use are likely to more
than double in the Lake Huron basinby 2000. Population pressure from the
more urbanized areas in Planning Subarea 3.2 and from the Detroit Metro-
politan area to the south of this lake basin will be important sources of
demand. In conjunction with an expanded use of the Lake Huron basin will
come an intensification of existing facilities usage, increasing the
pressure upon availablefacilities to adequately handle the waste generated
by tourists. Land developed for recreational use is expected to grow by
only about 8 percent over the next 20 years.
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With the expansion of recreational activities, there will be an
increase in the amount of wastes to be disposed of —— both liquids and
solids. In addition, the construction of recreational second homes in
rural areaswill lead to an increase in numbers of nonsewered housing in
these areas. Since recreational pursuits are seasonal, the major impacts
from recreational activities will occur in the summer months. However,
increasing enjoyment of water activities such as skiing and snowmobiling
has meant an increase in use year round.
The specific impacts and their magnitudes resulting from recreational
pursuits has not been well documented in the past, given the likelihood
that these activities will increase in the future, more work needs to be
done in this field to adequately determine the magnitude of impact on the
Lake Huron basin.
 
Table 95
(12)
TRENDS IN RECREATIONAL LANDS
uunum BASIN ISA 3.1 "A 3.2
27.0 m m mg m m M 19.32 m
Swimming 110 110 110 60 60 60 50 50 50
Picnicking 1,110 1,110 1,110 770 770 770 3140 340 3‘0
Camping 1.1030 1,740 1,750 1,000 1,180 1,180 1.30 560 560
Parking (General) 510 500 500 210 250 250 200 250 250
Parking (Boats 6
Hater Skiing) 260 260 260 200 200 200 60 60 60
Playfields 680 680 680 10 10 10 670 670 670
Golf 1,060 l,060 1,060 600 600 600 A60 560 1:60
Snow Skiing 60 60 60 20 20 20 40 60 50
Sledding 0 0 0 0
Ice Skating 0 0 0 0 0 0
Boating (Hater
area) 450,000 450,000 450,000 289,000 289,000 289,000 161,000 161,000 161,000
TOTAL 455,120 655,520 1.55.520 291,870 292,090 292,090 163,250 163,430 163,430
(Recreation Days) 30,097.11” 53,167,000 51,060,000 7,700,000 10,669,000 15,856,000 31,197,000 £2,710.01!) 65,205,m0
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 MATERIALS USAGE
In
projecting
agricultural
characteristics
and
materials
usage,
it
Should
be
pointed
out
that
agricultural
developments
are
directly
affected
by
population
trends,
national
and
international
economic
conditions,
environmental
attitudes,
and national agricultural
decisions
in regards
to food production.
Changes in any one of these variables will signifi-
cantly alter any agricultural projection.
In addition, technological
changes in the types of materials used in agricultural
practicescan
significantly alter the influence these materials may have on water
quality.
Therefore, it is difficult to accurately project the influence
of agricultural practices upon water quality in the future.
For the sake
of clarity, this section assumes that major influences affecting agricul-
tural trends will remain relatively stable and that there will be no major
shifts in agricultural productionpractices within the next 10 to 15 years,
either in terms of technology or in terms of crop types.
Agricultural chemicals, animal wastes, commercial fertilizers, lime,
and salts will continue to be employed at about current usage rates,
although specific materials will likely experience greater utilization
than others over the next 10 to 15 years.
Agricultural Chemicals
 
Several trends indicate an increased usage of agricultural chemicals
over the next 10 to 15 years. With continued rising labor costs, the use
of agricultural chemicals to control weeds and pests, as well as various
forms of fungus andbacteria, will continue to be economically attractive
in many agricultural operations. The use of chemicals on crops will there-
fore continue to be used at current or higher rates in the Lake Huron basin
in the near future.
However, there are certain aspects which may tend to decrease the
rate of growth in the use of chemicals on crops. One specific aspect is
the
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thes
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adat
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It
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Table 96
TRENDS IN RECREATIONAL ACTIVITY OCCASIONS ANNUALLY<12)
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-TOTAL
ACTIVI
TY OCC
ASIONS
 
S
H
I
L
I
A
I
I
D
V
LAKE
HURON
BASIN
PSA 3
.1
PSA
3.2
  
1980
1970 1980 200
0 1970
2000 1970
£91
211
14,
286
7,858
7,3
68
22,
560
12,408 1,050 1,543 2,425 4,268
10,169
1,150 1,
448 1,99
0
4,655
3,275 244 388 641 985
2,421 - 278
352 474
1,128
1,484 116
185 290
472
1,325 1,790 2,690 5,372
5,023 6,968 10,494 20,372
4,163 5,706 8,510 16,880
2,009 2,787 4,198 8,149
TOTAL RECREATION DAYS(552 8,407 11,612 17,803 1,649 2,282 3,404 6,752
Playing Outdoor Games
20,859 31,076 53,
284 4,129
6,106 10,421
16,730
Golf 1,942 2,869 4,960 385 563 969 1,557
Bicycling
11,050
1,802 2,174 2,9
60 7,289
Bicycling(251)***
2,763 3,780
450 544 740
1,822
Horseback Riding 1,572 2,302 246 309 451 995
Horseback Riding(251)
311 393 576
62 77 113
249
TOTAL ACTIVITY OCCASIONS 46,567 75,664 9,152 26,571
TOTAL ACTIVITY OCCASIONS(251) 37,101 62,600 7,290 20,358
TOTAL RECREATION DAYS 18,627 30,265 3,661 10,628
TOTAL RECREATION DAYS(Z
SZ)
14,840 25,040
2,916
8,143
Boating 3,248 4,883 7,762 644 961 2,604
Water Skiing 587 1,047 1,911 116 206 375 471
Canoeing 218 340 527 43 67 103 175
Sailing 192 279 449 38 55 87 154
TOTAL ACTIVITY OCCASIONS 4,245 6,549 10,649 841 1,289 3,404
TOTAL RECREATION DAYS 1,698 2,620 4,260 336 516 834 1,362
Skiing 342 370 569 68 73 92 274
Sledding 1,667 2,144 3,457 330 421 676 1,337
Ice Skating 1,393 2,219 3,670 276 436 718 1,117
TOTAL ACTIVITY OCCASIONS 3,402 4,733 7,596 674 930 1,486 2,728
TOTAL RECREATION DAYS 1,361 1,893 3,038 270 372 594 1,091
14,893 19,048 25,
715 2,950
3,744 5,031
11,943
walking for Pleasure 11,326 14,130 20,133 2,240 2,774 3,934 9,086
Attending Outdoor Games 4,261 5,582 7,883 843 1,098 1,542 3,418
Attending Outdoor Concerts 587 850 1,349 116 167 263 471
TOTAL ACTIVITY OCCASIONS 31,067 39,610 52,080 6,149 7,783 10,770 24,918
TOTAL RECREATION DAYS 12,427 15,844 22,032 2,460 3,113 4,308 9,967
PLANNING AR
EA TOTALS**
**
TOTAL ACTIVITY OCCASIONS
HATER-ORIEN
TED ACTIVIT
Y OCCASIONS
TOTAL RECRE
ATION DAYS
HATER-OR
IENTED R
ECREATIO
N DAYS
Swimming 1,910 2,805 4,409 7,760
Beach (552)
Picni
cking
Camping
1,229 1,970
Nature Walking 1,406 1,789
Hiking
588 941
Sightseeing 6,697 9,104 13,750
25,395 35,458
21,043 29,030
10,158 14,183
9,6
70
5,3
18
5,805
TOTAL ACTIVI
TY OCCASIONS
(552)
TOTAL RECREA
TION DAYS**
Driving for Pleasure
97,
241
25,247
38,
897
10,099
132,917
35,
580
53,
167
14,
232
202,647
55,157
81,059
22,063
19,249
4,962
7,700
1,985
26,
122
6,995
10,449
2,798
39,635
10,595
15,854
4,2
38
77,992
20,285
31,
197
8,1
14
1980
11,
481
6,315
5,920
1,582
1,437
756
7,3
14
28,490
23,324
11,396
9,3
30
24,970
2,306
8,876
2,219
1,263
316
37,415
29,811
14,
966
11,924
3,9
22
841
273
224
5,260
2,104
297
1,723
1,783
3,8
03
1,521
15,304
11,356
4,484
683
31,
827
12,731
106,795
28,585
42,718
11,434
2000
18,151
9,983
8.179
2,6
34
1,947
1,194
11,
060
43,165
35,997
17,266
14,399
42,863
3,9
91
12,158
3,040
1,851
463
60,
863
50,
357
24,345
20,143
6,242
1,536
42
4
36
2
8,5
64
3,4
26
37
7
2,781
2,952
6,110
2,444
20,
684
16,199
6,3
41
1,0
86
44,310
17,724
163
,01
2
44,562
65,
205
17,825
*It is a
ssumed t
hat 452
of all s
wimming
is assoc
iated wi
th pools
and 551
is assoc
iated wi
th beach
es.
the other i
ncluding onl
y beach—ass
ociated swim
ming.
**It is
assumed
that a r
ecreatio
n day co
nsists o
f 2.5 ac
tivity o
ccasions
.
***For p
lanning
purposes
, it is
assumed
that onl
y 251 of
all bicy
cling an
d horseb
ack ridi
ng needs
will be
met on d
esignate
d public
recreation arena. Thn nrhpr 752 is assumed to occur on orivate lands or oublic sidewalks and streets.
For plan
ning pur
poses, a
ctivity
ocoasion
s and re
creation
days for
land—bas
ed water
-oriente
d activi
ties are
presente
d in two
manners,
one incl
uding al
l swimmi
ng and
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Table 97
TRENDS IN MATERIAL USAGE: AGRICULTURE(3)
(1,000's)
mmms USAGE [All HUIOII MSII PSA 3.1 m 3.2
1972 1980 1990 1271 1900 1990 1972 1”!) 1990
Agricultural Chemicals
Herbicides (lbs) 3,158.2 3,474.1 3,789.8 217.5 239.3 261.0 2,940.7 3,234.8 3,528.8
Insecticides (lbs) 633.1 633.1 601.4 113.0 113.0 107.3 520.1 520.1 494.1
Fungicides (lbs) 307.6 323.0 338.3 64.3 67.5 70.7 243.3 255.5 267.6
Animal Wastes (tons) 4,371.7 4,294.7 4,177.9 923.8 1,123.1 1,095.6 3,447.9 3,171.6 3,082.3
Comercial Fertilizers 313.3 344.7 376.0 20.8 22.9 25.0 292.5 321.8 351.0
(tons) 313.3 344.7 376.0 30.8 22.9 25.0 292.5 321.8 351.0
Lime (tons) 28.8 28.8 28.8 6.3 6.3 6.3 22.3 22.3 22.3
To Convert From _'1‘_o Multiply By
Pounds (1b) Kilogram. (kg) 0.454
Tons (ton) Kilogram- (kg) 907.2
Metric Ton 0.907
Although the use of chemicals on crops is likely to increase over
the next 10 years, the water quality impact of these chemicals is not so
clear. One of the major concerns in using chemicals is the amount of
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ous
liv
est
ock
wil
l r
ema
in
nea
r c
urr
ent
lev
els
.
Ho
we
ve
r,
th
er
e
ar
e
tr
en
ds
to
wa
rd
s
mo
re
in
te
ns
iv
e
li
ve
st
oc
k
op
er
at
io
ns
wh
ic
h
wi
ll
ha
ve
th
e
ef
fe
ct
of
in
cr
ea
si
ng
th
e
im
pa
ct
of
ma
nu
re
s
in
sp
ec
if
ic
lo
ca
le
s.
As
su
mi
ng
pr
op
er
co
ns
tr
uc
ti
on
an
d
ma
in
te
na
nc
e
te
ch
ni
qu
es
,
th
e
di
sc
ha
rg
e
of
an
im
al
wa
st
es
sh
ou
ld
no
t
ad
ve
rs
el
y
af
fe
ct
wa
te
r
qu
al
it
y.
Wi
th
ou
t
pr
ev
en
ta
ti
ve
me
as
ur
es
,
it
is
qu
it
e
po
ss
ib
le
th
at
ce
rt
ai
n
re
ac
he
s
of
gr
ou
nd
an
d
su
rf
ac
e
wa
te
rs
ca
n
be
co
nt
am
in
at
ed
in
an
im
al
wa
st
es
.
  
Specifically,
large
amounts
of
nitrogen
and
phosphorous
compounds
can
be
leached
into
the
soils
from
intensive
livestock
operations
due
to
the
corresponding
increase
in
the
concentration
of
wastes.
Commercial Fertilizers
Commercial
fertilizer
usage
rates
are
expected
to
increase
moderately
in
this
lake
basin.
The
greatest
increase
will
be
in
nitrogen,
with
lesser
increases
in
potash,
and
phosphorous
tonnage
rates
staying
about
the
same
or
decreasing
slightly.
In
either
event
there
is
likely
to
be
a
shift
towards
liquid
fertilizer
due
to
their
ease
of
application.
It
should
be
pointed
out
that
trends
in
agricultural
crop
product
indicate
a
move
towards
more
intensive
cultivation,
and
it
is
likely
that
commercial
fertilizer
usage
will
increase
in
such
areas.
Higher
concentra—
tions
of
fertilizers
in
particular
areas
may
increase
drainage
of
nutrients
to
ground
and
surface
water
areas.
Lime
Despite
projections
by
the
Lime
Institute
for
increased
needs
for
liming
materials,
lime
rates
will
probably
remain
at
current
levels.
Therefore,
water
quality
impacts
resulting
from
liming
will
tend
to
remain
unchanged,
except
in
instances
where
agricultural
crop
production
has
intensified.
In
these
instances,
increased
intensity
of
lime
use
may
a
f
f
e
c
t
g
r
o
un
d
and
s
ur
f
a
c
e
w
a
t
e
r
s
b
e
y
o
n
d
c
ur
r
e
n
t
c
o
n
d
i
t
i
o
n
s
.
Salts
S
e
ve
r
a
l
t
r
e
n
d
s
in
the
L
a
k
e
H
u
r
o
n
b
a
s
i
n
wi
l
l
l
i
k
e
l
y
r
e
q
u
i
r
e
i
n
c
r
e
a
s
e
d
use
of
s
a
l
t
s
to
p
r
e
v
e
n
t
road
icing
in
w
i
n
t
e
r
months.
B
a
r
e
p
a
v
e
m
e
n
t
p
o
l
i
c
i
e
s
w
i
l
l
b
e
d
e
m
a
n
d
e
d
b
y
t
h
e
p
u
b
l
i
c
f
o
r
m
a
j
o
r
h
i
g
h
w
a
y
s
.
G
r
o
w
t
h
i
n
m
a
j
o
r
r
o
a
d
w
a
y
m
i
l
e
a
g
e
s
w
i
l
l
i
n
c
r
e
a
s
e
the
a
m
o
un
t
s
of
salts
n
e
e
d
e
d
to
p
r
e
v
e
n
t
i
c
i
n
g
d
u
r
i
n
g
w
i
n
t
e
r
m
o
n
t
h
s
.
H
o
w
e
v
e
r
,
t
h
e
r
e
a
r
e
a
l
s
o
t
r
e
n
d
s
f
o
r
l
i
m
i
t
i
n
g
s
a
l
t
a
p
p
l
i
c
a
t
i
o
n
s
.
D
u
e
to
i
n
c
r
e
a
s
e
d
s
a
l
t
p
r
i
c
e
s
,
t
h
e
r
e
w
i
l
l
b
e
a
n
i
n
c
e
n
t
i
v
e
t
o
p
r
o
v
i
d
e
s
e
c
o
n
d
a
r
y
a
n
d
m
i
n
o
r
r
o
a
d
s
y
s
t
e
m
s
w
i
t
h
l
e
s
s
e
r
a
m
o
u
n
t
s
of
s
a
l
t
s
.
T
h
e
r
a
t
e
o
f
s
a
l
t
a
p
p
l
i
c
a
t
i
o
n
m
a
y
a
c
t
u
a
l
l
y
d
e
c
r
e
a
s
e
i
n
t
h
e
s
e
s
e
c
o
n
d
a
r
y
r
o
a
d
s
y
s
t
e
m
s
.
R
o
a
d
d
e
-
i
c
i
n
g
s
a
l
t
s
a
f
f
e
c
t
g
r
o
u
n
d
a
n
d
s
u
r
f
a
c
e
w
a
t
e
r
s
t
h
r
o
u
g
h
c
h
l
o
r
i
d
e
d
i
s
c
h
a
r
g
e
s
w
h
i
c
h
c
a
n
,
o
v
e
r
t
i
m
e
,
a
f
f
e
c
t
t
h
e
s
a
l
i
n
i
t
y
o
f
n
e
a
r
b
y
w
e
l
l
s
a
n
d
o
p
e
n
w
a
t
e
r
a
r
e
a
s
.
T
h
e
r
e
a
r
e
m
o
v
e
s
t
o
w
a
r
d
m
o
r
e
e
f
f
i
c
i
e
n
t
s
a
l
t
a
p
p
l
i
c
a
t
i
o
n
s
a
n
d
t
h
e
p
r
o
h
i
b
i
t
i
o
n
o
f
s
a
l
t
i
n
g
i
n
a
r
e
a
s
w
h
e
r
e
g
r
o
u
n
d
w
a
t
e
r
a
n
d
a
q
u
i
f
e
r
s
p
r
o
v
i
d
e
d
r
i
n
k
i
n
g
w
a
t
e
r
t
o
n
e
a
r
b
y
r
e
s
i
d
e
n
c
e
s
,
d
u
e
t
o
t
h
e
p
o
t
e
n
t
i
a
l
c
o
n
t
a
m
i
-
n
a
t
i
o
n
o
f
t
h
i
s
s
u
p
p
l
y
.
I
n
g
e
n
e
r
a
l
,
w
h
i
l
e
s
a
l
t
i
n
g
w
i
l
l
b
e
c
o
n
t
i
n
u
e
d
o
n
m
a
j
o
r
r
o
a
d
s
y
s
t
e
m
s
a
t
c
u
r
r
e
n
t
a
p
p
l
i
c
a
t
i
o
n
r
a
t
e
s
,
t
h
e
r
e
w
i
l
l
l
i
k
e
l
y
b
e
a
d
e
c
r
e
a
s
e
i
n
t
h
e
a
m
o
u
n
t
s
o
f
s
a
l
t
u
s
e
d
o
n
s
e
c
o
n
d
a
r
y
a
n
d
m
i
n
o
r
r
o
a
d
s
y
s
t
e
m
s
.
I
n
b
a
l
a
n
c
e
,
t
h
e
o
v
e
r
a
l
l
a
m
o
u
n
t
s
o
f
s
a
l
t
s
a
p
p
l
i
e
d
w
i
l
l
p
r
o
b
a
b
l
y
i
n
c
r
e
a
s
e
g
r
a
d
u
a
l
l
y
o
v
e
r
t
i
m
e
,
a
l
t
h
o
u
g
h
a
p
p
l
i
e
d
i
n
a
m
o
r
e
s
e
l
e
c
t
i
v
e
f
a
s
h
i
o
n
.
186
 
 Table 98
TRENDS IN ROAD DE—ICING SALT USAGE
 
 
(1,000 tons)
1972—73 1980 1990
SERIES C SERIES E SERIES C SERIES E
Lake Huron
basin
106.2
124.3
119.8
81.4
132.3
PSA 3.1 34.3 39.6 39.1 24.8 43.2
PSA 3.2 71.9 84.7 8.7 56.6 89.1
To Convert From $2 Multiply BX
Tons (ton) Kilograms (kg) 907.2
Metric Ton 0.907
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